Migmatite formation at Mt. Stafford, Central Australia by Greenfield, John Edward
~~1  
Head 
School of Geosciences 
The University of Sydney 
The University of Sydney 
Copyright in relation to this thesis* 
Under the Copyright Act 1968 (several provision of which are 
referred to below). this thesis must be used only under the 
normal conditions of scholarly fair dealing for the purposes of 
research, criticism or review. In particular no results or 
conclusions should be extracted from it, nor should it be copied 
or closely paraphrased in whole or in part without the written 
consent of the author. Proper written acknowledgement should 
be made for any assistance obtained from this thesis. 
Under Section 35(2) of the Copyright Act 1968 'the author of 
a literary, dramatic, musical or artistic work is the owner of 
any copyright subsisting in the work'. By virtue of Section 32( I) 
copyright 'subsists in an original literary, dramatic, musical or 
artistic work that is unpublished' and of which the author was 
an Australian citizen, an Australian protected person or a person 
resident in Australia. 
The Act, by Section 36( I) provides: 'Subject to this Act, the 
copyright in a literary, dramatic, musical or artistic work is 
infringed by a person who, not being the owner of the copyright 
and without the licence of the owner of the copyright, does in 
Australia, or authorises the doing in Australia of, any act 
comprised in the copyright'. 
Section 31 (I )(a)(i) provides that copyright includes the exclusive 
right to 'reproduce the work in a material form'.Thus, copyright 
is infringed by a person who, not being the owner of the 
copyright, reproduces or authorises the reproduction of a work, 
or of more than a reasonable part of the work, in a material 
form, unless the reproduction is a 'fair dealing' with the work 
'for the purpose of research or study' as further defined in 
Sections 40 and 4 I of the Act. 
Section 51 (2) provides that "Where a manuscript, or a copy, of 
a thesis or other similar literary work that has not been 
published is kept in a library of a university or other similar 
institution or in an archives, the copyright in the thesis or other 
work is not infringed by the making of a copy of the thesis or 
other work by or on behalf of the officer in charge of the 
library or archives if the copy is supplied to a person who 
satisfies an authorized officer of the library or archives that he 
requires the copy for t he purpose of research or study'. 
*'Thesis' includes 't reatise', dissertation' and other similar 
productions. 
elcl 
1 
~e ~V) 'C d l.S"Of\d 
l GfCl ~ 
MIGMATITE FORMATION AT MT STAFFORD, 
CENTRAL AUSTRALIA 
JOHN EDWARD GREENFIELD 
This thesis is submitted in fulfilment of the requirements for the degree of Doctor 
of Philosophy. 
Department of Geology and Geophysics 
August, 1997. 
University of Sydney 
ABSTRACT 
Metasedimentary gneisses show a rapid change in grade within a 10 km 
wide low-P /high-T regional aureole at Mt Stafford, Arunta Block, central 
Australia. Migmatites occur in all but the lowermost of five metamorphic zones, 
which are characterized by: ( 1) muscovite-quartz schist; (2) andalusite-cordierite-
K-feldspar granofels with small melt segregations; (3) spinel-sillimanite-
cordierite-K-feldspar migmatite; ( 4) garnet-orthopyroxene-cordierite m igmatite 
and minor diatexite; and (5) biotite-cordierite-plagioclase diatexite that shows a 
transition to granite. A subsolidus unit comprising interbedded sandstone and 
siltstone is equivalent to bedded migmatite, the main rock type in zones 2 to 4. 
Mesoscopic textures and migmatite classification of this unit varies with grade. In 
Zone 2, metatexite is developed in siltstone layers that are separated by quartz-
rich unmelted metapsarnmite layers. Melt segregation was less efficient in zones 3 
and 4, where the dominant migmatite layering is modified bedding. High 
proportions of melt were present in Zone 4 , since schlieren migmatite is 
transitional between bedded migmatite and metapelite-sourced diatexite. The 
preservation of sedimentary structures and co-existence of melt reactants and 
products in Zone 4 metapelite implies that melting has proceeded in-situ without 
substantial migration of melt. This interpretation is supported by 0-isotope data 
which are characterised by consistent b 18Q values between adjacent leucosome-
bearing metapelite and metapsammite layers. Zone 5 biotite-cordierite-plagioclase 
diatexite carries rafts of bedded migmatite with strongly resorbed edges, as well 
as large K-feldspar and quartz augen. This unit of comparatively Ca-rich 
migmatites is inferred to have been formed by the mixing of locally derived and 
injected granitic melt. A sequence of melting reactions inferred for metapelitic 
rock-types is strongly dependant upon temperature, the availability of water, and 
the bulk-rock composition of the protolith. Initial melting in Zone 2 was vapour-
present and associated with the congruent breakdown of the assemblage Crd-Kfs-
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Bt-Qtz. Thermometry at this grade implies that the metapelite solidus was reached 
at -640°C. Slightly upgrade, prismatic idioblastic andalusite within leucosome is 
formed via the reaction Kfs + Qtz + Bt + H20 -> andalusite + melt. The 
association And + melt is inferred to have been stabilised by the presence of 
boron, released into the melt due to the breakdown of tourmaline which is a 
common minor mineral in Zone 1 and Zone 2 metapelite. By Zone 3, sillimanite 
coaxially replaces andalusite and there is a transition from vapour-present melting 
to vapour-absent melting as biotite breaks down in the presence of sillimanite in 
the reaction Sil + Bt + Qtz -> Crd + Spl + Kfs + melt. In Zone 4 garnet 
porphyroblasts are present within leucocratic segregations, and partially 
pseudomorph biotite and cordierite due to the reaction Bt + Crd + Qtz -> Grt + 
Kfs + melt. Grt-Opx-Crd assemblages at this grade record peak P-T conditions -4 
kbar of and -800°C. 
Phase relationships in high-grade metapelite assemblages have been 
modelled in the system KFMASH. The highly aluminous bulk-composition of the 
metapelite restricts its reaction potential in the model system, and predicts the 
absence of garnet in metapelite. However, in some rocks, the armouring of 
aluminosilicate porphyroblasts by Spl-Crd symplectites reduced the effective XAJ 
(Al203 I [Al203+FeO+MgO]) enough to stabilise the assemblage Grt + Kfs + 
melt. 
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CHAPTER ONE 
INTRODUCTION 
1.1 Aims and objectives 
This thesis is primarily concerned with processes involved in low-pressure 
melting of the continental crust. When sufficient heat is supplied to continental 
crust it melts, initially generating migmatitic rocks (Sederholm, 1967), which may 
segregate into discrete magmatic bodies (Mehnert, 1968). Magma generation, 
aggregation, ascent, and crystallisation represent the most important processes in 
the differentiation and recycling of the continental crust (Brown, 1994). This 
project has focused on aspects of melt generation and aggregation, as abundant 
evidence of these processes are inferred to exist in the study area at Mt Stafford 
(Vemon et al., 1990; Greenfield et al. , 1996). 
At Mt Stafford, in the Proterozoic Arunta Block of central Australia 
(Stewart, 1981), a suite of rocks termed the Mt Stafford Beds (Stewart, 1981) 
preserve metamorphic assemblages that range from the greenschist to the 
granulite facies. Upper amphibolite and granulite facies rocks at Mt Stafford 
contain migmatite (after Sederholm, 1907). An initial aim of this thesis is to 
decide whether migmatite at Mt Stafford formed by closed system partial melting, 
as interpreted by Vernon et al. (1990), or whether the migmatite evolved from an 
open system process such as igneous injection or metasomatism. If partial melting 
was responsible for migmatisation at Mt Stafford, these rocks should preserve 
fossil evidence of processes involved in melt generation (Vernon & Collins, 
1988). Because the rocks at Mt Stafford show a range of metamorphic grade 
through the same rock unit (the Mt Stafford Beds, Stewart, 1981), variation in 
migmatite petrology and petrography can be studied as a function of temperature 
(Eskola, 1915). This study attempts to elucidate these processes through a 
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combination of empirical field evidence, information from geochemical analysis 
of the rocks and a comparison of these data with models of melt generation from 
elsewhere in the literature. Problems that have been addressed include: 
(1) What is the origin of the migmatite? Does it represent rock that has been 
partially melted or is it a result of another process such as metamorphic 
differentiation, metasomatism or igneous injection? 
(2) Is it possible to trace the evolution of the migmatite as a function of increasing 
metamorphic grade, and therefore increasing temperature? 
(3) What was the relative timing of migmatite evolution? What implications for 
the geological history of the terrane can be inferred from this information? 
Processes of melt aggregation can be studied in the northeastern end of the 
study area (Bland, 1994). A syn- to late-kinematic granitoid, named the Mt 
Stafford Granite (Stewart, 1981; Collins & Shaw, 1995), intrudes the Mt Stafford 
Beds. Rocks adjacent to the intrusion preserve evidence of both a metamorphic 
and primary igneous origin and are named hybrid diatexite (Greenfield, et a/., 
1996). A study of this rock-type provokes the following questions: 
(1) What is the origin of the hybrid diatexite? 
(2) What is the relationship of the hybrid diatexite to the Mt Stafford granite? 
(3) What implications for the timing of metamorphism and granite intrusion can 
be drawn from the study? 
To draw these objectives together a final aim of the thesis is to synthesize 
the available data into a geological history of the terrane, and to integrate this 
history into the broader regional history of the Arunta Block. Processes of 
migmatisation, uplift, and exhumation interpreted at Mt Stafford are contrasted to 
that inferred for other high T I low P terranes in an attempt to unravel common 
links in the origin of these phenomena. 
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1.2 An introduction to migmatites 
Due to the overwhelming nomenclature and diverse interpretations for the 
origin of migmatite, a brief summary of the current understanding of migmatites 
is discussed below. 
Migmatite is by definition a mixed rock containing light (leucocratic) and 
dark (mesocratic) components in the same rock (Sederholm, 1907; Mehnert, 
1968). Although this descriptive definition implies no petrogenesis, the majority 
of investigated migmatite is inferred to have differentiated into light and dark 
components by a mass transfer process involving a fluid or a melt (McLellan, 
1983). 
Nomenclature of migmatites 
The diverse range of migmatite fabric and structure has led to the 
development of myriad descriptive terms. Discrimination of fabric elements is 
based on recognition of different coloured portions of the migmatite. 
Classification of structural types is based on the extent of deformation and degree 
of melting experienced by the mlgmatite. 
Fabric elements 
The leucocratic or granitic portions of the rock are termed leucosome 
(from the Greek 'leuco' = white), whereas the darker host components are called 
mesosome (Johannes, 1983). Migmatite may contain a selvage intermediate 
between the mesosome and leucosome which is termed the melanosome, which is 
typically rich in mafic minerals (Ashworth, 1976; 1985; McLellan, 1988). Restite 
is an ill-defined term used to describe residual material within the leucosome that 
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has not melted and commonly retains some semblance of its pre-migmatisation 
structure. 
Structural types 
Classification of migmatites based on their surface structure in outcrop is 
useful as a field-based classification of rnigmatite types. The classification table 
of Mehnert (1968) is most commonly used and describes the range of structural 
types found in migmatite terranes (Fig. 1.1 ). Structural terms used in this thesis 
are shown in italics. 
Classification based on melt criteria 
Interpretations of the origin of the leucosome component of migmatites 
has led to a further level of classification. Sawyer and Barnes ( 1988) recognise 
anatectic leucosome as having crystallised from a partial melt, distinguished from 
subsolidus leucosome that has formed by subsolidus processes such as 
metamorphic differentiation or metasomatism. 
Brown (1973) defined the terms metatexite and diatexite based on the 
extent of disruption of the protolith due to melting. Metatexite is a migmatite that 
has a moderate degree of melting but still retains some semblance of the protolith 
structure. Diatexite is defined as a migmatite that has melted to such an extent that 
the pre-rnigmatisation fabric has lost all coherence. Arzi (1978) developed the 
concept of a rheological critical melt percentage (RCMP) in migmatite, with the 
critical melt percentage marking the change from solid- to magma-like behaviour. 
This could be different percentages for different rock-types, and/or the same rock-
type melted under different conditions, but was inferred to lie in the range 26-
40%. However, Sawyer ( 1994) demonstrated that segregation of melt in the 
continental crust is dominantly controlled by deviatoric stress applied to the semi-
Figure 1.1 Diagram of rnigmatite types- adapted from Mehnert ( 1968). 
1. Agmatic (breccia) structure. 7. Folded structure. 
2. Diktyonitic structure. 8. Ptygmatic structure. 
3. Schollen (raft) structure. 9. Ophthalmitic (augen) structure. 
4. Phlebitic (vein) structure. 
5. Stromatic (layered) structure. 
10. Stictolithic (fleck) structure. 
11. Schlieren structure. 
6. Surreitic (dilatation) structure. 12. Nebulitic structure. 
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molten rock, and it is possible for melt to segregate from its precursor in 
quantities as small as 5% (volume) melting of the host rock. 
Processes of migmatite formation 
A quantitative assessment of rnigmatite petrogenesis is mainly constrained 
through geochemical analysis. At least four mechanisms of migmatite formation 
are recognised: 
1) Injection of granitic magma (Sederholm, 1907, 1913, 1934; Buddington, 1948; 
Mason, 1978; Olsen, 1983; Greenfield et al., 1996; Marsberg, 1996), 
2) Subsolidus metamorphic differentiation (Eskola, 1932; White, 1966; Kretz, 
1966; Fisher, 1973; Robin, 1979; Tracy, 1985; Sawyer & Robin, 1986), 
3) Metasomatism (Gresens, 1967; Misch, 1968; Olsen, 1985), and 
4) Partial melting (Holmquist, 1921; Von Platten, 1965; Wyllie & Tuttle, 1961; 
Mehnert, 1968, 1973; Johannes & Gupta, 1982; Johannes, 1985, 1988; Sawyer, 
1987). 
Each process may operate solely or in combination with one or more other 
processes during migmatisation. They may or may not require closed system 
behaviour and/or the presence of melt, as summarised below in Table 1.1. 
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Process requires open Process does not 
system re_g_uire op_en sy_stem 
Process requires 1) magmatic injection 4) partial melting 
presence of melt 
Process does not 3) metasomatism 2) metamorphic 
require presence of melt differentiation 
Table 1.1 Processes of migmatisation (after Ashworth, 1985). 
1) Injection of granitic magma 
This involves the formation of a migmatitic leucosome by the intrusion of 
granitic melt along pre-existing structures (e.g. bedding or foliation planes). This 
is a common feature close to granitic intrusions. They can be distinguished from 
in-situ migmatites on the basis of geochemical criteria (Barr, 1985; Greenfield et 
al., 1996), field relationships (Marsberg, 1996; Greenfield et al., 1996), mass 
balance constraints (Olsen, 1983; 1985; Grant, 1986) or stable isotope work 
(Linklater et al., 1994). 
2) Subsolidus rnetamorphic differentiation 
Elements may diffuse through a rock in response to chemical potential 
gradients (Vernon, 1978) imposed by changing equilibrium conditions (e.g. rising 
temperature or pressure). This may result in the development of nebulitic or patch 
migmatite, where there has been no forceful disruption of the migmatite (Fig. 
1.1). Fisher (1973) interpreted segregations around aluminosilicate porphyroblasts 
to be a result of solid state metamorphic differentiation. 
8 
Segregation of quartz and feldspar may also occur in a rheologically 
heterogeneous rock (ie. containing compositional layering) in response to an 
imposed stress field (Hobbs et al., 1976). In this scheme, comparatively mobile 
quartz and feldspar components are inferred to migrate by solution to lower stress 
locations (McLellan, 1983; Ashworth, 1985). 
3) Metasomatism 
Metasomatism involves the introduction and removal of material with 
corresponding changes in the mineralogy and/or chemical composition of the 
affected rocks (Bhaskar Rao, 1986). Fluids are usually a medium of transport for 
this mechanism, generated by crystallising magmas or metamorphic dehydration 
reactions. In migmatites, alkali metasomatism is the most common form. 
producing albite/oligoclase when Na+ is introduced, and orthoclase/microcline 
when K+ is introduced. Metasomatism undoubtably plays a role in the 
development of most migmatite terranes but is not solely responsible for 
segregation of leucosome from mesosome. In fact, in some rnigmatite terranes it 
has been demonstrated that the transition from subsolidus to supersolidus 
conditions has been achieved isochernically (Barr, 1985; Greenfield et al., 1996). 
4) Partial Melting 
Partial melting is the most common process involved in migmatite 
formation (Ashworth, 1985). Powell and Downes ( 1990) have shown from phase 
diagram considerations that it is very difficult not to have reactions involving 
partial melting in fertile pelitic lithologies during high-grade metamorphism (P>4 
kbar, T>750°C). Partial melting initiates along wettened grain boundaries 
(Mehnert et al., 1973) and the initial melt step usually involves the breakdown of 
a hydrous mineral such as muscovite or biotite, or in water-saturated conditions, 
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even cordierite. Migmatite at Round Hill, Broken Hill, consist of isolated patches 
of garnet-bearing leucosomes, where the growing garnet is inferred to have acted 
as a loci for diffusing components sourced from the mesosome. As a result 
leucosome and melt segregations were localised around the peritectic garnet 
(Powell and Downes, 1990). The activity of }hO is the most important factor 
affecting the P-T conditions required for melting, as demonstrated by Johannes 
and Holtz (1990) (Fig. 1.2). 
Partial melting commonly results in a leucosome that contains peritectic 
reaction products and unmelted restitic material. Geochemical analysis of bulk-
rock leucosome therefore is generally not useful in determining the composition 
of the melt, which commonly departs from the minimum-melt composition of 
Tuttle and Bowen (1958). The composition of mesosome is dependant on its 
original composition before migmatisation. Loss of H20 and alkali components 
from the mesosome is a commonly inferred consequence of migmatisation 
(Johannes, 1988). 
From thermal and petrological modelling, Clemens and Vielzeuf ( 1987) 
and Thompson and Connolly (1995) were able to demonstrate that vapour-absent 
melting is the most volumetrically significant melt-producer in the crust, and that 
vapour-present melting is a subordinate melt-producer, mainly because of the 
limited porosity of the rocks before melting, and the incorporation of available 
vapour into the melt. The pressure dependence of water solubility into silicate 
melt means that a given rock at lower pressure will produce more melt than the 
same rock at higher pressure (Clemens & Vielzeuf, 1987). 
The source rock is also important in melt production. Metapelite is the 
most fertile rock-type and can produce up to 50 vol.% of granitoid melt whereas 
pyroxene-rich mafic rocks and quartzofeldspathic rocks are poor melt-producers 
(<10 vol.%)(Clemens & Vielzeuf, 1987). 
Figure 1.2 Wet and dry solidus curves in the system Qtz-Ab-Or-H20-C02 for 
specified aH20 (after Johannes & Holtz, 1990). 
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1.3 The Mt Stafford area: locality and previous work 
Mt Stafford is located at the northwestern end of the Anmatjira Range, in 
the Proterozoic Arunta Block of central Australia (Fig 1.3). The study area is 
approximately 260km2, within latitudes 21 °50'S and 22° 10'S and longitudes 
132°40'E and 132°50'E. Published geological maps include BMR 1:100 000 
Reynolds Range sheet (Stewart, 1981) and 1:250 000 Napperby sheet (S tewart, 
1982). 
An initial description of the structure and mineralisation of the Arunta 
Block is found in Noakes ( 1953). A major geological mapping project was 
undertaken by the Bureau of Mineral Resources (now Australian Geological 
Survey Organisation), through the late 1960's and 1970's. The regional geology of 
the northern Arunta Block was first described by Stewart (1981, 1982), and 
followed by Warren (1983) who proposed a metamorphic-tectonic model for the 
evolution of the Arunta Block. A comprehensive tectono-stratigraphic model was 
published by Stewart et al. (1984) and Shaw et al. (1984 ), which incorporated the 
U/Pb dating of Black & Shaw (1992) and Rb/Sr dating of Black et al. (1983). 
Collins and Shaw ( 1995) provided further geochronological constraints in a 
review of orogenic events in the Arunta Block, with this work being 
supplemented by zircon dating in the northern Arunta by Collins and Williams 
(1995) and Young et al. (1995). Clarke et al. (1995) correlated Gondwana-wide 
tectonomagmatic events in the Musgrave Block, the Albany-Fraser belt and the 
east Antarctic shield to similar age events in the southern Arunta Block. 
Research work specific to the Anmatjira Range and Mt Stafford has been 
completed as part of a large ARC project conducted from Macquarie University. 
This project focused on metamorphic (Vernon & Collins, 1988; Clarke et al., 
1990; Vernon et al., 1990), and structural (Collins & Tessyier, 1989; Collins & 
Vernon, 1991 ; Collins et al., 1991) aspects of the Anmatjira-Reynolds Range 
including Mt Stafford. Further ARC-funded work initiated from the University of 
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Sydney and the University of Melbourne resulted in several undergraduate 
honours theses (Williams, 1992; Worland, 1992; Bland, 1994; Clark, 1994). 
Figure 1.3 Geological map of the Mt Stafford area showing bedding trends and 
metamorphic zoning. The position of the inferred metapelite solidus and 
andalusite/sillimanite transition (dashed lines) mark the boundaries of subzones 
2a/2b and 2b/2c respectively. 
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CHAPTER TWO 
REGIONAL GEOLOGY 
2.1 The Arunta Block 
The rocks at Mt Stafford occur in the Anmatjira-Reynolds Range region 
(Stewart et al., 1980), which is part of the Proterozoic Arunta Block (Noakes, 
1953; Fig. 2.1)- an extensive area (-200 000 km2) of complexly deformed, low- to 
high-grade Proterozoic metasediments and orthogneisses (Stewart et al., 1984). 
Sm-Nd model ages (Windrum & McCulloch, 1986) allow a maximum crust 
formation age of 2000 Ma for the Arunta assuming no isotopic mixing. No 
Archean basement is exposed at the present surface, although the presence of 
Archean rocks is inferred on the basis of U/Pb dating of zircon cores (Collins & 
Shaw, 1995). 
Stewart et al. (1984) has divided the lithologies of the Arunta Block into 
three stratigraphic sequences, which are described below from oldest to youngest, 
and shown in Fig. 2.1 b. "Division 1" rocks consist of bimodal mafic and felsic 
metavolcanics, as well as minor metapelites, metamorphosed to granulite facies. 
The metavolcanics are interlayered with minor psammopelitic and calc-silicate 
rocks. Division 1 rocks are most common in the central tectonic province (see 
below) but also occur in the northern province. 
"Division 2" rocks are dominantly immature metasedimentary rocks of 
turbiditic origin, metamorphosed to amphibolite facies. These include the Lander 
Rock Beds of the Anmatjira-Reynolds Range (Fig. 2.2), which, on the basis of 
dating and correlation to similar rocks in the Tennant Creek Inlier, are inferred to 
have been deposited at c.l870 Ma (Compston, 1995; Young et al., 1995; Collins 
& Williams, 1995). The Mt Stafford Beds were correlated with the Lander Rock 
Beds by Stewart et al. (1984). 
Figure 2.1 a) Map of the Arunta Block, central Australia, showing the three 
tectonomagmatic divisions of Shaw et al. (1984). Adapted from CoJlins & Shaw 
(1995). 
b) Map of the Arunta Block showing the stratigraphic divisions of Stewart et al. 
(1984). 
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Figure 2.2 Map of the Anmatjira/Reynolds Range region, central Australia, 
showing the location of the Mt Stafford terrane. Adapted from Collins & 
Williams ( 1995). 
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Rocks of "Division 3" consist of platform-style shale, carbonates and quartzites 
that unconformably overlie Division 1 and 2 rocks . In the southern Arunta 
province, minor amphibolite facies metapelite, calc-silicate and orthogneiss were 
originally assigned to Division 2 (Stewart et al., 1984), but probably correlate in 
age to younger Division 3 rocks (Black & Shaw, 1992). The Reynolds Range 
Group are the best representative of Division 3 rocks in the northern province. A 
distinct angular unconformity ( -40°) between divisions 2-3 exists in the 
northwestern Reynolds Range. 
The separation of Division 1 and Division 2 rocks is largely based on 
variation in metamorphic grade between the two groups. However a lack of clear 
unconformities between these divisions suggest they may have been developed 
coevally (Collins & Shaw, 1995). 
Apart from the recognition of different stratigraphic units in the Arunta 
Block, Shaw et al. (1984) recognised three separate tectonic provinces based on 
metamorphic and structural differences. These provinces are described below and 
shown on Fig. 2.1a. 
The Northern Arunta Province is dominated by Division 2 turbiditic 
metasediments (Fig. 2.1 b) which were intruded by large sills of potassium-rich, 
megacrystic granitoids. Locally, metamorphic grade reached granulite facies but 
the majority of northern province rocks were metamorphosed at greenschist to 
lower amphibolite facies conditions. In the northwest of the Arunta Block (Fig. 
2.1), the Lander Rock Beds merge with the low-grade greywackes and 
meta volcanics of the Granites-Tanami Province, which are inferred to be lateral 
equivalents (Blake et al., 1986; Blake & Page, 1988; Compston, 1995). The 
boundary between the northern and central provinces is based on 
metamorphic/structural differences rather than any clear tectonic boundary. The 
central province is characterised by pervasive granulite facies rocks which have 
experienced multiple folding events with variable fold axial traces (Shaw et al. , 
1984). This contrasts with the northern province which has regular bedding trends 
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and variable metamorphic grade from lower greenschist to granulite facies 
conditions (Stewart, 1981 ). However, this may only reflect exposure of different 
crustal levels of the same terrane, as both the central and northern provinces have 
undergone low P I high T metamorphic episodes of similar age and character 
(Collins & Shaw, 1995). Both the northern and central provinces underwent 
localized tectonism/magmatism at c. 1880 Ma (Yuendumu tectonic event), c. 
1820 Ma (Stafford tectonic event) and the widespread Strangways event which is 
subdivided into an early phase at c. 1780-1770 Ma, and a late phase at c. 1745-
1730 Ma. 
The Central Arunta Province contains mostly Division 1 granulite facies 
metapelite and calc-silicate rocks, and includes the Strangways Metamorphic 
Complex (SMC), the Mt Hay-Mt Chapple (MH-MC) region and the Harts Range 
region (Fig. 2.1). The boundary between the southern and central provinces is 
defined by the Redbank Thrust Zone (Shaw & Black, 1991), and to the east by a 
series of anastomosing shear zones which also separates the Neoproterozoic 
Armadeus Basin (Shaw et al., 1984). 
The Southern Arunta Province is dominated by Division 2 amphibolite 
facies orthogneisses interlayered with metasediments. Minor Division 3 rocks 
apparently non-conformably overly Division 2 rocks in the southern province, and 
granitoid intrusion is inferred to have occurred before intense deformation (Offe 
& Shaw, 1983; Teyssier et al., 1988). The major tectonic events in the southern 
province occurred at c. 1680 Ma (Arglike tectonic event) and c. 1600 Ma 
(Chewings Orogeny). The Redbank Thrust Zone (Fig. 2.la; Black & Shaw, 1992) 
is inferred by Stewart et al. ( 1984) to separate the central and southern provinces. 
Recent U/Pb analyses of zircons partially justifies this separation on the basis of 
younger granitoid ages in the southern province (Collins & Shaw, 1995). An age 
difference of -100 Ma between southern and central province magmatism is 
inferred (Black & Shaw, 1992; Collins et al., 1995). 
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Crustal scale thrusting during the Mesoproterozoic (Shaw & Black, 1991) 
and the late Palaeozoic (Shaw et al. , 1984; Teyssier, 1985; Collins & Teyssier, 
1989) resulted in uplift and exposure of various structural levels of the Arunta 
Block. The effects of thrusting diminished northwards, so that the northern Arunta 
Block, including the Mt Stafford terrane, preserves the rocks least influenced by 
strong deformation. 
2.2 The Anmatjira-Reynolds Range region 
The Anrnatjira-Reynolds Range region lies within the Northern Tectonic 
Province of Stewart et al. (1984) and contains four metasedimentary sequences 
separated by an unconformity (Fig. 2.2). The area was affected by several 
metamorphic and deformation events in the period 1860 to 1580 Ma (Table 2.1; 
Collins & Shaw, 1995; Vry et al., 1996). All rock-types have been intruded by 
extensive granitoid sheets (three distinct orthogneiss groups recognised) and 
subjected to granulite facies metamorphism. 
In the southeast of the Reynolds Range, the Division 1 Aileron 
Metamorphics consist of metapelite, calc-silicate and quartzose metasediments 
interlayered with mafic and felsic orthogneiss. In the central Anmatjira Range, the 
Division 1 Mt Weldon Metamorphics comprise interlayered megacrystic granitoid 
and cordierite + sillimanite bearing metapelite. The Division 2 Lander Rock Beds 
occur in both the Anmatjira and Reynolds ranges, and consist of metapelite and 
metapsammite, interlayered with metavolcanics. Overlying all of these sequences 
is the Division 3 Reynolds Range Group consisting of metapelite, quartzite, 
metapsammite and calc-silicate rock-types (Stewart, 1981). 
Whereas a clear unconformity separates the Lander Rock Beds and 
Reynolds Range groups, the Lander Rock Beds pass transitionally into the 
Weldon Metamorphics with increasing metamorphic grade (Collins et al. , 1991). 
It is therefore probable that Division 1 and 2 are part of the same 
Table 2.2 Summary of the tectonic history of the Anmatjira/Reynolds Range 
region, showing the suggested correlation of deformation and metamorphic events 
for various authors. 
0 
C\J 
- 1870 
-1850 
- 1770 
-1730 
- 1650 
- 1590 
Clarke & Powell (1991a) 
Lander Rock Beds deposited 
Early M1/D1 
Granitoid emplacement 
M2t'D2 
M3f'D3 
Granulite facies metamorphism, 
recumbent folding 
Partial melting of Napperby Gneiss 
Upright SE-trending folds (D4) 
Dirks & Wilson (1990) and Dirks et al. (1991) 
> 1870 Lander Rock Beds deposited 
-1820 First tectonic cycle (DIIMI) 
Upright folding 
Reynolds assemblage deposited 
1760 Intrusion of the Napperby Gneiss 
Second Tectonic cycle (DII/MII) 
-1730 Dll1 
Dll2 upright SE-trending folds 
(peak granulite facies metamorphism) 
Dll3 crenulations 
- 1650 Dll4 shear zone development (Ky stage) 
Major SW-directed shearing 
Hydrous amphibolite facies retrogression 
400- Dill, Mill shear zone development 
300 Uplift 
Collins & Williams (1995) and Collins & Shaw (1995) Mt Stafford events described in this thesis 
-1870 Lander Rock Beds deposition - 1870 Lander Rock Beds deposition 
Stafford Tectonic Phase Dolerite intrusion 
D1a ductile shear 1860 . 1820 D1a!M1a 
>1818±15 D1b reclined folds Northern granite intrusion 
>1818 ±8 M1 peak granulite facies D1bfM1b upright folding 
metamorphism, granite intrusion 1818 ± 15 Eastern granite intrusion 
D1c late upright folding 
1820-1780 Reynolds assemblage deposited 
Weldon Tectonic Phase 
1785 ±22 D2a early recumbent folding 
1780± 10 granite intrusion including Napperby 
Gneiss 
1774±6 D2b peak granulite facies 1774±6 D2fD:2 upright folding, N-S 
metamorphismfdeformation trending 
D:lc upright NS-trending folds 
D2d upright SE-trending folds 
1775 ± 12 leucoqranitefoeQmatite 
1659 ±6 Zircon growth 
Hydrothermal activity? 
1587 ± 6 Pegmatite emplacement, hydrothermal 1548 Tin Bore pegmatite 
1588 ± 5 fluxing 
400-300 Alice Springs Orogeny 400.300 shear zone reactivation? 
shear zone develooment 
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tectonostratigraphic unit in the Anmatjira!Reynolds range region (Collins & 
Williams, 1995). 
The effects of two discrete tectonic cycles are recognised in the region, 
separated temporally by the deposition of the Reynolds Range Group (Stewart, 
1981; Clarke & Powell, 1991a). These are termed D 1/M1 and D2/M2 by Clarke et 
al. (1990), Clarke and Powell (1991a) and Collins et al. (199 1), whereas Dirks 
and Wilson (1990) and Dirks et al. (1991) define them as DI/MI and DII/MII 
(Table 2.1). Collins and Williams (1995) describe them as the Mt Stafford 
tectonic phase (D1/M1) and the Weldon tectonic phase (D2/M2). This thesis 
follows a slightly modified version of the terminology of Collins and Williams 
( 1995), as shown in Table 2.1. 
The effects of D11MI are mainly observed at Mt Stafford, and is described 
below. The effects of the D2/M2 episode extended across the Anmatjira and 
Reynolds ranges and was characterised by granulite facies metamorphism in 
conditions of 700-800°C and 4-6 kbar, and reflecting an anticlockwise P-T-t path 
(Clarke et al., 1990; Dirks et al., 1991). U-Pb dating work of syn-tectonic 
granitoids by Collins & Williams (1995) implies that the D21M2 episode was short 
lived, between -1780-1770 Ma. However, more recent U-Th-Pb dating of 
granulite facies metasedimentary rocks from the southeastern Reynolds Range 
suggests D21M2 occured at c. 1600 Ma (Williams et al., 1996; Vry et al., 1996). 
Four structural events are recognised within the D2/M2 tectonic cycle (D2a-
d) and are summarised in Table 2.2. The first two fold generations were 
mesoscopic, reclined to recumbent, whereas the second two were kilometre-scale 
and upright. Mt Stafford only saw limited effects of D2c-2d which resulted in 
realignment of D 1 b fold axes in the eastern edge of the area (Collins & Vernon, 
1991; Collins et al., 1991). 
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Mt Stafford structure and metamorphism 
Dta Dtb 02 
Fta Ftb F2 
metre scale; conjugate kilometre scale; NW- kilometre scale; N-trending; 
shear bands; boudins; trending; open to isoclinal; open-tight 
drag folds upright, shallow N-plunge 
Mta Mtb M2 
peak granulite facies not seen Grt-Sii-Bt 
metamorphism Sii-Ms 
Sta Stb 82 
weak; concentrated in slaty cleavage at low weak; found mainly to the east 
D1 a structures such as grade, localised in fold of Mt Stafford as low-strain 
conjugate shear bands hinges at high grade shear fabrics, but high-strain S-
and boudin necks C fabrics developed in eastern 
granite 
Lta Ltb L2 
mineral lineation in mafic weak stretching lineation in stretching lineation in the 
rocks fold hinges eastern granite 
Table 2.2 Main structural events in the Mt Stafford terrane. 
2.3 The Mt Stafford terrane 
The majority of the area consists of the Mt Stafford Beds (Stewart, 1982), 
which contain aluminous metapelite, interbedded with metapsarrunite layers and 
cordierite granofels on an outcrop scale. Doleritic sills intrude the metasediments, 
and are exposed as protuberant outcrops in the area. The Mt Stafford Beds have a 
total thickness estimated at 1300 m by Stewart ( 1982), and are part of the 
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Division 2 Lander Rock Beds, thought to have been deposited at c. 1870 Ma 
(Compston, 1995; Young et al., 1995; Collins & Williams, 1995). 
The Mt Stafford rocks show the effects of a pre-1820 Ma D1-M1 event, and 
only limited effects of a post-1820 Ma D2- M2 event that pervasively 
recrystallised rocks further east (Clarke et al., 1990). The D1-M1 event resulted in 
a low-P I high-T regional aureole (after Brooks Hanson & Barton, 1989; Collins 
& Vernon, 1991) covering a distance of 10 km below a syndeformational granite 
sheet, which is shown in Fig. 1.3 as the northern granite. The metamorphic rocks 
can be divided into five zones, based on metapelite mineralogy, ranging from 
greenschist to granulite facies (modified after Vernon eta f., 1990; Fig. 1.3 ). A full 
description of the metamorphic zones is found in Chapter 3. 
Peak metamoffhism and melting were contemporaneous with localised D1a 
extension in the migmatites, as evidenced by the migration of melt to boudin 
necks and narrow (1 em wide) conjugate shear zones. It is currently unclear what 
ultimately caused the localized, exceptionally low-PI high-T metamorphism. The 
limited mafic rocks were themselves metamorphosed, and the northern granite 
intruded after D Ia (Vernon et of., 1990; Greenfield eta!., 1996). However. rhe 
intimate relationship shown by the northern granite and Zone 5 rocks is conststent 
with it having i!ltruded shortly after, and. having been causally related to, the D 1 a-
M 1 a event (VernOtl n a!., 1990; Greenfield e; al.. 1996). 
KiJom~tre-scale , open to tight, upright F 1 b folds deform the migmatites and 
D 1 a extensional structures. Though nortr-trending F 1 b folds control the outcrop 
pattern, recrysta! lizmion cluri113 this event was net imense enough to destroy M 1 a 
textures . The eastern granite in the Mt Stafford area (Fig. 1.3) cuts S 1 b and has 
been dated at c. 181 8±15 Ma (Collins & Williams, 1995). Migmatites near this 
body have been retroeressed, muscovite-sillimanite or muscovite-andalusite 
assemblages replacing cocdierite and K-f~idspar. Two sets of muscovite-quartz-
dominated retrograde she~r zones cut a!l ear!ier fabrics. The dominant set is east-
trending and '>hows sinistral movement, and the subordinate set trends north-east 
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and shows dextral movement. It is inferred from regional correlations that they 
were last active during the Late Devonian to Early Carboniferous Alice Springs 
Orogeny (Collins & Teyssier, 1989) when extensive ductile faulting of Arunta 
Block basement rocks occurred. 
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CHAPTER THREE 
LITHOLOGIES 
3.1 Introduction 
The purpose of this chapter is to introduce the basic rock-types that form 
the Mt Stafford terrane. This is achieved through petrographic descriptions of the 
Lander Rock Beds, dolerite sills, megacrystic granite and associated intrusives 
such as microgranite and pegmatite. A large range of metamorphic conditions 
affected the Lander Rock Beds and mafic intrusives. Therefore an initial 
description of the lowest grade (Zone 1) rock-types is given, followed by the 
changes in mineralogy and texture induced by increasing grade of metamorphism 
on similar rock-types. 
Migmatite terminology is based on the classifications of Mehnert (1968), 
Brown (1973) and Pattison & Harte (1988). The term bedded migmatite (Table 
3.1) is used here to describe a rock unit formed from finely interbedded 
metapsammite and metapelite that dominates the outcrop at Mt Stafford. 
Leucosome is preferentially developed in metapelitic layers, and migmatite 
classifications of mesoscopic textures shown by this unit vary with grade. In Zone 
2, bedded migmatite may contain metatexite (Brown, 1973) or nebulitic 
migmatite, depending upon the intensity of D 1 a strain. Leucosome networks may 
fill extensional structures in metapelite layers (metatexite, Fig. 3.1 a), or exist as 
isolated blebs homogeneously distributed throughout the metapelite layers 
(nebulitic, Fig. 3.1 b). Metapelite layers in Zone 3 and Zone 4 bedded migmatite 
commonly do not contain distinct leucosome. However, a considerable melt 
proportion must have been present, as shown by the partial to complete 
mobilization of layers with and without distinct leucosome, forming schlieren or 
diatexite migmatite. Where Zone 3 and Zone 4 metapelite layers do not contain 
Figure 3.1 a) Small lenticular leucosomes from Zone 2b orientated perpendicular 
to bedding. Pen 13 em long. 
b) Interconnected network of Zone 3 leucosomes, centred on aluminosilicate 
porphyroblasts. Pen 13 em long. 
c) Bedded migmatite from Sub-zone 2c with more extensively melted metapelitic 
layers. Andalusite porphyroblasts (dark spots) are surrounded by leucocratic 
segregations that form an interconnected network. The darker metapsamrnite layer 
has incipient melanosome against the adjacent metapelite layer. The degree of 
melting reflects the composition of the protolith, metapsamrnite being less fertile 
than metapelite. Hammer 32cm long. 
d) Prismatic andalusite in association with biotite, ilmenite and tourmaline from 
Zone 2a. Tourmaline is in common association with andalusite in zones 2a and 
2b. Base of photograph 3 mm. 
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distinct leucosome and were not demonstrably mobilized, it is inferred that there 
was extensive interconnection of melt on, for example, a decimetre scale, but with 
insufficient melt mobility to destroy primary sedimentary features (Vernon et al. , 
1990). In these zones, the efficiency of leucosome segregation was also locally 
highly variable, again probably due to heterogeneity in D 1 a strain. In Zone 4 
schlieren migmatite and diatexite, the metapsammite layers had a lower 
proportion of melt and behaved as more rigid blocks that were broken and rotated 
in a mobile, metapelite-sourced, diatexite matrix. The observed extensive 
melting of metapelite layers and inferred melt connectivity in Zone 4 and pruts of 
Zone 3 bedded migmatite make each metapelite layer essentially a leucosome and 
each metapsammite layer a mesosome (Fig. 3.1c). Moreover, well-
developed melanosomes separate some metapelite/leucosome and 
metapsammite/mesosome layers. Thus, in a gradation between the low and high-
grade equivalents of the bedded migmatite, the routine nomenclature 
becomes awkward and high-grade leucosome-mesosome pairs shall be referred to 
as closely interbedded metapelite and metapsammite. These variations 
are discussed further below and summarized in Table 3.1. 
Protolith Zone2 Zones 3-4 
interbedded siltstone and interbedded metapelite and bedded migmatite 
sandstone metapsammite schlieren migmatite 
bedded miamatite, metatexite diatexite 
siltstone (quartz rich) cordierite granofels cordierite granofels 
diatexite 
gabbro amphibolite 2 pyroxene granofels 
2 pyroxene qranofels 
Table 3.1 Rock-types and variations with increasing metamorphic grade. 
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A general description of the different rock-types is given below, and 
variations in texture and mineralogy with increasing metamorphic grade is 
described in the next section. 
Interbedded metapelite/metapsammite 
This unit forms the major lithology in the Mt Stafford Beds. The lowest 
metamorphic grade rocks are found south of the Lander River (Fig. 1.3) and 
contain biotite-muscovite bearing assemblages. Stewart (1981) interpreted a 
turbidic origin for these rocks, and relict houma sequences are inferred (after 
Bouma, 1972), with the orientation of graded bedding and ripple marks being 
consistent with the beds being upwards facing. Figure 3.2 shows a comparison 
between a classic houma sequence and the interpreted correlative units found in 
the interbedded metapelite/metapsammite and quartz-rich metasiltstone. It is 
inferred from the repetitiveness of interbedded metapelite/metapsammite layers 
that in many cases A-B divisions of the Bouma sequence are not present, but that 
quartz-rich siltstone (mapped as cordierite granofels in Fig. 3.3) may represent the 
massive coarse-sand/silt deposition characteristic of A-B divisions in the Bouma 
sequence (Walker, 1984). Each metapelite/metapsarnmite sequence roughly 
measures 10-50 em in width, with metapsamrnite subordinate to metapelite in a 
ratio of approximately 1:4, a ratio that is consistent for this unit throughout the 
terrane. 
Figure 3.2 Comparison between a classic Bouma sequence (Bouma, 1972) and 
the interpreted correlative units found 1n the interbedded 
metapelite/metapsammite and quartz-rich metasiltstone, which are common units 
in the Mt Stafford Beds. 
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Figure 3.3 Map of the Mt Stafford terrane showing the major rock types and zone 
boundaries (dashed lines). The northern boundary of Zone 5 is gradational with 
the northern granite. 
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Quartz-rich siltstone 
A massive quartz-rich siltstone unit is interlayered on a metre to outcrop 
scale with the interbedded metapelite/metapsammite. Normal graded bedding on a 
decimetre scale in some outcrops indicates that bedding is upward facing in all 
examples. In Zone 1, graded bedding is defined by a coarse-grained (0.05-2.00 
mm) quartz-rich base and a fine-grained ( <0.05 mm) mica-rich top in each bed. 
At higher grade the preferential growth of cordierite porphyroblasts in the mica-
rich portion of each bed results in apparent reverse-graded bedding (Vernon et al., 
1990) that is consistent with upward facing of the unit. From Zone 2a to Zone 5 
this unit is called cordierite granofels, because of the abundance of cordierite and 
its massive, crystalline appearance. In zones 4-5 this unit may also be termed 
diatexite because of the inferred extent of partial melting. Table 3.1 summarizes 
the changes in nomenclature for each rock-type with increasing grade. 
Mafic sills 
Dolerite and gabbro sills intrude the Mt Stafford Beds parallel to bedding. 
In the field they are observed as dark-coloured, massive, fine-grained rocks that 
are generally resistant to weathering and define ridges and hill tops. Individual 
sills can be traced for up to 4 krn, and are between 2 and 10 m wide. They consist 
of fine-grained (0.05-0.50 mm) brown hornblende, plagioclase, red to brown 
biotite and ilmenite. They have relict igneous microstructures overprinted, to 
various degrees, by brown-green amphibole. 
Contact effects associated with these intrusions are limited to a 20-30 m 
wide aureole defined by coarse 2-3 em cordierite spots within metapelite layers, 
and a general coarsening of grain-size in all other rock-types. No evidence for 
assimilation of adjacent country rock or metasedimentary enclaves is observed in 
the mafic rocks, and they preserve sharp non-conformable contacts with adjacent 
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rocks. Although individual sills are traceable over kilometres, no evidence of 
major feeder dykes are present, although minor cross-cutting dykes are present in 
Zone 5. The volume of mafic rock is greatest in zones 4-5, and only limited mafic 
sills are present in zones 1-2b (Fig. 3.3). 
Minor felsic intrusives 
Discontinuous sills of granite (seno stricto) intrude the metasedimentary 
rocks and mafic sills. They intrude on a map scale parallel to bedding, and 
individual bodies have tapered extremities into the country rock (Fig. 3.3). On an 
outcrop scale, however, they have an irregular, non-conformable contact with S0 , 
and brecciated fragments of country rock are found close to the contact. The 
intrusives contain phenocrysts of subhedral K-feldspar (1-5 mm) and minor 
subhedral plagioclase (1-5 mm) set in a phaneritic, meduium-grained (0.1-5 mm) 
groundmass of quartz, biotite, muscovite and ilmenite. Felsic intrusives also 
contain dark-coloured enclaves with rounded edges which consist of fine-grained 
quartz, K-feldspar, biotite, ilmenite and rare cordierite. Rare quartz blows and 
pegmatites are also present, including a cassiterite-bearing deposit at Tin Bore 
(Fig. 1.3). The non-conformable contacts and mineralogy of the minor felsic 
intrusives are consistent throughout the terrane, regardless of metamorphic grade, 
and based on the absence of metamorphic alteration are interpreted to have 
intruded post-D Ia· 
3.1 Variations observed with increasing metamorphic grade 
Zone 1 
Zone 1 is approximately 60 km2 in area, consisting of mostly low- to Oat-
lying exposures ( <600 m a.s.l.) of metasedimentary rocks of the Mt Stafford Beds. 
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The Mt Stafford Beds are a sub-division of the Lander Rock Beds (Stewart, 1981) 
and comprise all of the exposed supracrustal rocks in the study area. They contain 
metapelite and metapsammite interbedded on a centimetre scale, as well as a more 
homogenous quartz-rich metasiltstone which crops out over -40% of the study 
area, interlayered with the metapsammite/metapelite unit. Intrusive rocks are rare 
in this zone and make up less than 5% of the outcrop. They consist of limited 
mafic sills and minor felsic intrusives. 
Relict bedding is the dominant foliation in Zone 1, except in D 1 b fold 
noses where a slaty cleavage perpendicular to bedding dominates the fabric. 
The minerals in the interbedded metapelite/metapsammite display a 
microscopic decussate texture. Metapelite consists of fine-grained (0.05-1 .0 mm 
diameter) idioblastic muscovite, biotite, and chlorite that envelop angular detrital 
quartz grains in a schistose fabric. Muscovite is the dominant mica whereas 
chlorite is typically subordinate and tends to cluster into chlorite-rich patches. 
Coarse-grained quartz (1-2 mm diameter) dominates psammitic layers which also 
contain minor interstitial muscovite and biotite. Muscovite in the metapsammitic 
layers is strongly sericitised. Appendix 2 and Fig. 3.4 show the typical modal 
proportions of minerals in metapelite and metapsammite in this zone. Common 
minor minerals include tourmaline, ilmenite and apatite. Tourmaline can be a 
major phase (up to 19%) and is a consistent minor mineral throughout zones 1-2. 
Microscopic textures in the quartz-rich metasiltstone are very similar to 
the interbedded metapelite/metapsammite unit, except that the quartz-rich 
siltstone contains more detrital quartz, which in Zone 1 is generally more angular, 
especially in the quartz-rich bases of graded beds. 
Zone2 
This is the largest metamorphic zone in the terrane, extensive over an -85 
km2 area (Fig. 1.3). The topography is similar to that of Zone 1 although outcrops 
Figure 3.4 Diagram showing the modal changes in bedded migmatite across the 
terrane. Metapelites are shown in light grey and metapsammites in dark grey. 
Note a general decrease in quartz and biotite up to Zone 5 and a complimentary 
increase in K-feldspar and cordierite. Metapsammites are enriched in quartz and 
cordierite, compared to metapelites, which are comparatively enriched in K-
feldspar. 
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are more continuous. It has been divided into three subzones on the basis of 
isograds marking the solidus and the andalusite-sillirnanite transition. 
Zone2a 
In the field, the appearance of centimetre-sized cordierite porphyroblasts 
and/or thin andalusite prisms mark the transition from Zone 1 into Zone 2a. On a 
microscopic scale this zone is also marked by the disappearance of muscovite and 
chlorite and the appearance of K-feldspar. The poikiloblasts of cordierite and K-
feldspar (0.2-1.0 ern) contain numerous inclusions of random fine-grained biotite 
and rounded quartz. They occur in a fine to medium-grained (0.5- 1.5 ern) 
granoblastic mosaic of K-feldspar, quartz, biotite, and ilmenite. Andalusite occurs 
as fine to medium-grained (0.5-9.0 rnrn) idioblastic prisms that are commonly 
poikiloblastic with inclusions of quartz. In most samples, cordierite is partially to 
completely pseudornorphed by random andalusite-biotite-quartz syrnplectite. 
Whereas there are few distinctive leucosornes in this zone, impersistent em-scale 
leucocratic segregations containing quartz, biotite and minor K-feldspar are rarely 
observed along conjugate shears and could represent the incipient stages of 
melting as described below for Zone 2b. 
Zone2b 
The appearance of bedded rnigrnatite marks the lower limit of Zone 2b and 
the inferred change to supersolidus conditions. It is characterised by lenticular 
leucocratic segregations oriented predominantly normal to bedding and developed 
entirely in metapelite layers (Fig 3.la). Metapelite layers in the bedded rnigrnatite 
contain coarse-grained (0.5-2.0 rnm), idioblastic K-feldspar, cordierite, andalusite, 
biotite and subidioblastic ilmenite that form an equigranular texture; these larger 
grains are separated by quartz, or less commonly, K-feldspar. The separating 
quartz is optically continuous for up to 2 ern between idioblastic grains. The 
larger grains of K-feldspar and cordierite commonly preserve inclusion-rich cores 
Figure 3.5 a) Local segregation of melt into boudin necks in deformed bedded 
migmatite, Zone 3. Pen 13cm long. 
b) Interconnected leucosome network from Zone 3. Leucosome is centred on 
aluminosilicate porphyroblasts but has joined with lenticular segregations (e.g. 
Fig. 3.la) to form the network. Pen 13 em long. 
c) Idioblastic andalusite porphyroblast surrounded by quartz from Zone 2b. The 
inclusions of biotite and quartz in the core of the porphyroblast are consistent with 
its initial formation having been sub-solidus. Base of photograph 3 mrn. 
d) Idioblastic andalusite porphyroblast surrounded by a quartz 'moat' from Zone 
2b. Base of photograph 3 mm. 
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and clear idioblastic rims. Andalusite is mostly inclusion free but may contain 
fine-grained biotite and/or quartz. Andalusite is commonly in close spatial 
association with biotite and tourmaline (Fig. 3.1 d) . Tourmaline in these 
assemblages appears as stubby-elongate prisms (0.2-1.0 mrn in length) commonly 
with decayed edges and fractures parallel to [010] faces (Fig. 3.ld). 
Metapsammite layers in the bedded migmatite are fine-grained (0.1-1.0 mm) in 
comparison with metapelite layers, and preserve similar mineral assemblages to 
the metapsamrnite in zones 1 and 2a. Modal analysis (Fig. 3.4) distinguishes the 
metapsarnrnite layers as containing more quartz (27.6%), biotite (30.4%) and 
cordierite (16.6%), and less andalusite and K-feldspar than adjacent metapelite 
(Appendix 2). Xenoblastic ilmenite in metapsammite layers is commonly 
enclosed by radiating clusters of biotite and/or biotite-quartz-andalusi te 
symplectites. 
Leucosome in the metapelite layers contain quartz ( -60%), K-feldspar 
(-30%), and biotite (-10%) (Appendix 2). Leucosome commonly pools in 
dilatant D1a structures such as tension cracks (Fig. 3.la) and boudin necks (Fig. 
3.5a). It may also enclose andalusite porphyroblasts, and can form inter-connected 
networks with the lenticular segregations (Fig. 3.5b). Andalusite within 
leucosome is prismatic, coarse-grained (up to 8 em long), and is observed to be in 
close association with fresh subidioblastic tourmaline grains (Fig 3.5c). The larger 
grains of K-fcldspar in the segregations commonly preserve inclusion-rich cores 
and clear idioblastic rims, rarely mantled by plagioclase (Fig 3.6a). 
Cordierite granofels is first recognised in this zone (Table 3.1). It appears 
as metre-scale layers of quartz-rich siltstone that contains minor andalusite 
(<10%) and is K-feldspar poor in comparison with the bedded migmatite. It is rich 
in coarse-grained cordierite ( - 1-3 em diameter) giving it a mottled appearance, 
and is commonly banded due to the presence of centimetre-scale 
quartzofeldspathic layers (Fig. 3.6b). 
Figure 3.6 a) Leucocratic segregation from Zone 2b. ldioblastic biotite and K-
feldspar crystals occur in optically continuous quartz. K-feldspar crystal labelled 
(A) is rimmed by a plagioclase mantle. Base of photograph 3 mm. 
b) Cordierite granofels from Zone 3. Lens cap 5.5 em. 
c) Coaxial replacement of andalusite by sillimanite, and the development of spinel 
- cordierite symplectites surrounding sillimanite (Zone 4). Base of photograph 3 
mm. 
d) Reverse-graded bedding in bedded migmatite from Zone 4. Note the 
concentration of aluminosilicate porphyroblasts and leucosome at the top of the 
bed. Pen 13 em long. 
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Zone2c 
Zone 2c is distinguished by the first appearance of sillimanite in the 
bedded migmatite. Sillimanite shows coaxial replacement of andalusite (Fig. 3.6c~ 
Vernon, 1987) and pseudomorphs commonly retain the prismatic shape and 
square [001] faces of the andalusite. In addition, spinel (0.01-0.2 mm) occurs as 
cordierite-spinel symplectites that partially pseudomorph aluminosilicate in the 
bedded rnigmatite and cordierite granofels. Whereas the mineralogy of the unit is 
similar to that described above for Zone 2a, there are subtle changes that reflect 
the increasing grade. Biotite and quartz are less abundant than in Zone 2b, 
especially in metapelite layers. K-feldspar is abundant and cordierite subordinate 
in metapelite layers, and vice-versa in the metapsarnrnite layers. Fine- to medium-
grained (0.05-0.5 mm) xenoblastic garnet is found in most metapelite and 
metapsammite samples, and contains inclusions of biotite, cordierite and rare 
quartz. In one sample (1112m), fine-grained subidioblastic garnet is in contact 
with biotite and sillimanite and defines a foliation (S2) which cuts the inferred 
peak assemblage (S t). 
Metapelite layers within bedded rnigmatite may comprise up to 20% (by 
volume) leucosome, commonly centred on alurninosi1icate porphyroblasts and 
forming extensive vein networks. The preferred growth of alurninosilicate and 
cordierite porphroblasts in the uppermost aluminous-rich portions of metapelite 
has resulted in reverse-graded bedding in some outcrops (Fig. 3.6d). Leucosome 
also infills boudin necks and defines conjugate shears. It comprises medium-
grained (0.02-1.0 mm) K-feldspar, quartz and biotite, with or without fine-grained 
( <0.05 mm) xenoblastic ilmenite. 
Zone 2c cordierite granofels is similar to that exposed in Zone 2b, except 
that matrix minerals K-feldspar, quartz, biotite are slightly coarser grained (0.1-
1.0 mm). It also contains rare lenticular leucosome that define conjugate shears 
bands. 
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Zone3 
This zone is marked in the field by a sudden jump of -400m in 
topographic height, which is inferred to correspond to a marked decrease in the 
biotite content for rocks in this zone. Zone 3 covers approximately 75 km2 in 
area, and is distinguished by fresh granofels in outcrop, compared to the recessive 
exposures in Zone 2. This zone contains the first schlieren migmatite and 
migmatite with well-developed melanosome. 
Metapelite layers in the bedded migmatite consist of coarse-grained 
granoblastic K-feldspar, cordierite, biotite, quartz, aluminosilicate (mostly 
sillimanite), minor amounts of spinel, ilmenite and plagioclase with or without 
garnet. Where present, garnet in this zone is fine- to medium grained (0.05-1.5 
mm) and xenoblastic, often partially mimicking the shape of relict biotite and/or 
cordierite (Fig. 3.7a). Large grains of prismatic sillimanite that partially to 
completely pseudomorph andalusite are surrounded by complex corona reaction 
textures involving symplectites of cordierite and spinel, with or without K-
feldspar (Fig. 3.7b). Metapsammite layers are subordinate to pelitic layers and 
rarely exceed a few centimetres in width. They are characteristically finer grained 
and richer in quartz and ferro-magnesian minerals such as cordierite and garnet. 
Vein-like leucosome in the metapelite layers is extensively interconnected 
between aluminosilicate porphyroblasts, which are surrounded by moats of 
leucosome (Fig. 3.7c, 3.7d). 
Cordierite granofels m Zone 3 preserves thin lenticular leucosomes 
comprising quartz and K-feldspar, as well as more aluminous mottled varieties 
containing dark cordierite spots. In most samples, cordierite in leucosome is 
partially to completely pseudomorphed by randomly orientated andalusite-biotite-
quartz symplectite (Fig. 3.7c). 
Schlieren migmatite is petrologically similar to, and may preserve 
gradational contacts or be interlayered with, the bedded migmatite. The 
Figure 3.7 a) Replacement of biotite by garnet, in the presence of cordierite and 
K-feldspar (Zone 4). Base of photograph 3 mm. 
b) Symplectites of spinel-cordierite-K-feldspar that partially pseudomorph 
sillimanite (Zone 4). Base of photograph 10 mm. 
c) Complete replacement of cordierite by andalusite-biotite-quartz symplectite. 
Base of photograph 3 mm. 
d) Schlieren rnigmatite from Zone 3. Note thin wispy nature of metapsamrnite 
layers. Pen 13 em long. 
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proportion of schlieren migmatite gradually increases over bedded migmatite 
between Zone 3 and Zone 5. Metapsammite layers in the schlieren migmatite 
retain compositional layering identical to that in the bedded migmatite, however 
leucosome within metapelite layers is more extensively interconnected to \eave 
isolated and suspended wispy to blocky metapsammite and quartzite layers (Fig. 
3.7d). Leucosome proportions are estimated between 10 and 30% (by volume) in 
metapelitic layers, with the greater proportions of leucosome being developed in 
the schlieren migmatite. The schlieren migmatite is thus inferred to have 
developed from a similar protolith to the bedded migmatite, the distinction simply 
being the degree of melting within the layer followed by a loss of cohesion by 
applied stresses. 
Rare diatexite is observed in the northeast corner of Zone 3 (Fig. 3.3) and 
contains an M1a leucosome assemblage of K-feldspar, cordierite, quartz and rare 
plagioclase. Medium-grained (1-2 mm) gedrite overprints biotite in this 
assemblage (Fig. 3.8a), and fine-grained (0.05-0.40 mm) symplectites of 
staurolite, biotite and quartz rim cordierite grains (Fig. 3.7b) and overprint MIa 
biotite. 
Melanosome 1s rare m this zone, but does occur in the bedded and 
schlieren migmatite where it consists of fme-grained selvages up to 1 em thick of 
cordierite, biotite, minor ilmenite and apatite, and rare coarse-grained garnet. 
They have a dark brown appearance with sharp contacts against metapelite and 
more diffuse against metapsammite, generally in the range of l-3cm in width 
(Fig. 3.8c). 
Mafic sills in Zone 3 are two-pyroxene gneisses that define the outcrop 
pattern (Fig. 3.3). Ophitic orthopyroxene and clinopyroxene partially enclose 
plagioclase, brown hornblende, accessory ilmenite and red-brown biotite (Fig. 
3.8d). Some pyroxene defines an L 1 a mineral and stretching lineation, which is 
discussed further in Chapter 4. The retrogression of mafic rocks has resulted in 
the replacement of pyroxene with brown hornblende. 
Figure 3.8 a) Coarse-grained gedrite (A) in contact with biotite (B) and K-
feldspar (C). Base of photograph 3 mm. 
b) Coronas of fine-grained staurolite-biotite-quartz symplectite surrounding 
cordierite. Base of photograph 3 mm. 
c) Bedded migmatite from Zone 4. Extensional shear bands displace 
compositional layering defined by darker metapsammite layers. Relict bedding is 
preserved in the metapelite (light coloured layers) on a centimetre-scale by thin 
layers of cordierite. Melanosome occurs between metapelite and metapsammite 
layers (dark selvages on slightly less dark rnetapsammite). Lens cap 5 em 
diameter. 
d) Microtexture within metabasite. Coarse-grained mosaic of orthopyroxene, 
clinopyroxene, hornblende, ilmenite and plagioclase. Base of photograph 3 mm. 
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Zone4 
The appearance of garnet-orthopyroxene-cordierite assemblages within 
metapsammite marks the lower limit of Zone 4, which also contains abundant 
diatexite. Zone 4 covers approximately 30 km2 in area and is cigar-shaped, being 
elongate N-S (Fig. 1.3). This contrasts to lower-grade zones which have 
conformable NE-SW trending isograds. Since orthopyroxene is difficult to 
recognise in the field, the boundaries of this zone have largely been determined on 
the basis of thin section work. This zone is also characterised by the highest grade 
M 1 a mineral assemblages and the presence of coarse-grained idioblastic garnet 
within leucosome. 
Bedded migmatite may contain orthopyroxene but otherwise show similar 
mesoscopic features to those in Zone 3. Metapsammite layers still preserve relict 
bedding structures despite extensive partial melting, reflecting overall low strain 
and restricted melt migration. In general, metapelite layers are coarser grained 
than adjacent metapsammite layers. 
Garnet most commonly occurs in metapsammite layers and especially 
melanosome and as large poikiloblastic grains (0.1-3 em) which may contain 
inclusions of biotite, quartz, cordierite, plagioclase and/or ilmenite. Garnet is most 
commonly in contact with biotite, cordierite, K-feldspar and rare plagioclase. Co-
existing garnet and orthopyroxene is mostly observed in metapsammite layers, 
where garnet may be separated from orthopyroxene by quartz and biotite 
symplectite. Garnet less commonly occurs as inclusions in orthopyroxene, and 
rare coronas of fine-grained garnet may enclose orthopyroxene (Fig. 3.9a). Garnet 
may also occur as inclusion-free porphyroblasts surrounded by leucosome 
metapelite (Fig. 3.9b). Leucosome surrounding garnet contains medium-coarse-
grained (0.05-2 mm) subidioblastic K-feldspar, quartz, and plagioclase (Fig. 
3.9c). 
Figure 3.9 a) Zone 4 garnet porphyroblasts within leucosome. ldioblastic garnet 
(A) is set against quartz (B). Base of photograph 3 mm. 
b) Orthopyroxene in metapsamrnite surrounded by a fine-grained symplectite of 
garnet and quartz. Base of photograph 3 mm. 
c) Garnet porphyroblasts in Zone 4 metapelite surrounded by a K-feldspar-rich 
leucosome. Pen 13 em long. 
d) Symplectites of spinel-cordierite-K-feldspar that partially pseudomorph 
sillimanite (Zone 4). Base of photograph 20 mm. 
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Prismatic sillimanite is pseudomorphed by symplectites of spinel and 
cordierite, with or without K-feldspar (Fig. 3.9.d) . In three specimens medium-
grained subidioblastic garnet occurs within the spinel-cordierite knots , and 
contains fine-grained inclusions of spinel, biotite and cordierite (Fig. 3.10.a). 
Spinel is also observed as large (0.05 mm) grains adjacent to ilmenite, and 
isolated from the sillimanite pseudomorphs. Both quartz and biotite are rare, but 
where present in leucosome (metapelite layers) quartz forms granophyric 
intergrowths with K-feldspar. Such intergrowths have been used elsewhere to 
distinguish the products of crystallised melt (e.g., Tilley, 1924; Pattison & Harte, 
1988). If present, biotite is most prevalent in the melanosome and the 
metapsammite layers. Late stage symplectites of biotite and quartz , with or 
without andalusite, pseudomorph cordierite and orthopyroxene. 
Schlieren migmatite is volumetrically most significant in this zone and 
contains estimated leucosome proportions of 20-40% (by volume). Bedding is 
commonly highly contorted without sharp breaks (Fig. 3.10b), although 
decollement surfaces along competent psammite layers are consistent with 
considerable layer-parallel slip. Melanosome is best developed in the schlieren 
migmatite between adjacent metapelite and metapsammite layers, where they are 
between 1 and 3 em thick and commonly contain strings of coarse-grained 
poikiloblastic garnet (Fig. 3.10c). Schlieren migmatite in which all bedding has 
been obliterated by unit mobilisation has been classified as diatexite. Gradational 
relationships, and along strike variation are observed between bedded migmatite 
and schlieren migmatite, and between schlieren migmatite and diatexite. Such 
relationships are consistent with schlieren migmatite being transitional between 
bedded migmatite and diatexite, unit characteristics simply controlled by the 
proportions of melt and restitic material. Transgressive field relationships suggest 
diatexite has been mobilised on a decimetre scale - schlieren migmatite with 
drawn out metapsammite layers change along strike over a distance of 1-2 metres 
into locally transgressive and chaotic diatexite. However, rare cordierite-rich 
Figure 3.10 a) Spinel-garnet-cordierite-biotite clot (A) surrounded by 
subidioblastic cordierite (B). Base of photograph 3 mm. 
b) Schlieren rnigmatite from Zone 4. Structural and bedding contacts have 
been smeared out by ductile deformation, consistent with a loss of 
coherence while the rock was partially molten. Knife 9 em long. 
c) Melanosome (dark selvages) development in bedded migmatite from Zone 4. 
Note garnet formation along the mesosome-melanosome contact. Pen 13 em long. 
d) Diatexite from Zone 4. Hammer 32 em long. 
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diatexite is inferred to be mobilised on a metre scale and injected across disrupted 
compositional layering, with thin (1 em) melanosomes developed along the edges 
of the diatexite. Some of the more aluminous cordierite granofels have lost all 
bedding structure and are classified as diatexite, consistent with high proportions 
of melt having been present in these units (Fig. 3.10d). Diatexite is commonly 
contained within less mobilised schlieren migmatite, bedded rnigmatite or 
cordierite granofels, without clear transgressive relationships. In all diatexite, melt 
segregation was grossly inefficient such that the diatexite retains restitic features 
represented by the cordierite-spinel symplectites pseudomorphing sillimanite (Fig. 
3 .11 a; Greenfield et al., 1996). The pseudomorphous cordierite-spinel 
symplectites are most extensively developed in the diatexite, giving the rock a 
mottled or "leopard skin"-like outcrop habit (Fig. 3.10d). Patches of fine-grained 
(0.05-5.0 mm) idioblastic garnet are additionally observed in leucosome. Some of 
the more aluminous cordierite granofels also have leucosome proportions 
estimated at between 30-60% (by volume). 
Cordierite granofels is characterised in this zone by the presence of 
centimetre-scale cordierite porphyroblasts and high quartz contents (Fig. 3.4). 
They generally lack garnet, spinel and aluminosilicate and only rarely contain 
orthopyroxene. 
Mafic granulites contain restricted lenticular leucocratic segregations of 
coarse-grained plagioclase, orthopyroxene (often containing restitic 
clinopyroxene) and minor ilmenite (Fig. 3.11 b, 3.llc). They rarely exceed 2cm in 
width and lOcm in length and generally have no preferred orientation but may 
define Lia· They are commonly rimmed by a hornblende-rich halo. 
ZoneS 
Zone 5 is the smallest metamorphic zone ( -10 km2 in area) and 
approaches the contact of the metasedimentary rocks with the northern granite 
Figure 3.11 a) Diatexite from Zone 4. There has been a complete disruption of 
bedding by interconnected leucosome that has also isolated alurninosilicate clots. 
Pen 13 em long. 
b) Leucosome within metabasite from Zone 4. The segregation contains coarse-
grained orthopyroxene, plagioclase and hornblende. Pen 13 em long. 
c) Photomicrograph of leucosome within metabasite. Coarse-grained 
orthopyroxene and ilmenite define S la· Base of photograph 3 mm. 
d) Hybrid diatexite from Zone 5. The matrix contains domains rich in large 
rectangular to ovoid K-feldspar augen that are inferred to represent material 
injected from the northern granite. Hammer 32 em long. 
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(Fig. 1.3). Migmatite in this zone is characterised by significant modal 
proportions of biotite, plagioclase and quartz (Fig. 3.4), the complete loss of 
bedding structure and diatexite that contain schollen. There is evidence for a 
decrease in metamorphic grade relative to Zone 4 since andalusite is the dominant 
aluminosilicate adjacent to the granite contact in the far north of the aureole. 
A heterogeneous unit mapped as hybrid diatexite (Fig. 3.3) commonly 
forms a gradational boundary with the Zone 4 bedded and schlieren migmatite. 
This boundary may be 50-1OOm wide and is characterised by increasing degrees 
of disrupted bedding toward the northern granite. There is also a gradational 
boundary between the northern granite and the hybrid diatexite of Zone 5, which 
may be up to 200m wide and characterised by the presence of numerous large (6-
8 em), square orthoclase megacrysts. The orthoclase megacrysts sometimes show 
rapakivi textures and are suspended in the injection diatexite, yet appear otherwise 
identical to orthoclase phenocrysts in the northern granite. The orthoclase 
megacrysts occur in lenticular, augen-rich zones, or scattered through the 
injection diatexite, and there is a general increase in their abundance through 
Zone 5 toward the northern granite contact. Large plagioclase and quartz augen 
are also present, with a similar modal distribution as the orthoclase phenocrysts. 
Schollen becomes more abundant as the granite contact is approached. 
The matrix assemblage of the hybrid diatexite is dominated by quartz with 
less biotite, andalusite, plagioclase, K-feldspar and cordierite. This contrasts with 
the Zone 2-4 migmatites, which are dominated by K-feldspar and cordierite, with 
less biotite, aluminosilicate and quartz (Fig. 3.3). Large (0.5-1.5 em) acicular and 
poikiloblastic biotite needles occur in random orientation within the matrix of 
hybrid diatexite. The grain size and poikiloblastic habit distinguish them from 
Zone 2-4 biotite. Cordierite occurs as inclusion-free, idioblastic prisms up to 10 
em in diameter. While being described as cordierite-poor in comparison to Zone 4 
migmatites, the matrix of the hybrid diatexite still contains 8% cordierite 
(Appendix 2). Schollen in the hybrid diatexite are 10-20 em across with strongly 
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resorbed rims (Fig. 3.11b), and most rafts have been rotated (Fig. 3.llc). Schollen 
assemblages are similar to those of the metapsammite in Zone 4 with the 
exception of a significant increase in modal biotite (Fig. 3.lld). Some schollen 
even preserve metapeUte and metapsammite layering similar to that observed in 
the bedded migmatite (Fig. 3.12b). Rotated schollen also preserve conjugate shear 
bands (Fig. 3.12b, 3.12c), constraining schollen formation as being post-Dla· 
Mafic rocks are common in Zone 5 and have been affected by late ductile 
shear which has caused mylonitisation and hydrous retrogression in some rocks. 
Sills are much more irregular in this zone and some bodies cross-cut S0 and are 
thus dykes. Leucocratic segregations are more common than in other zones and 
pyroxene in these segregations are very coarse-grained, up to 3crn across. 
3.3 Other rock-types 
Grandidierite-bearing diatexite 
Grandidierite has been recognised in an isolated outcrop of sillimanite-
bearing diatexite within Zone 4 (sample no. DC176). The rock has a strong 
horizontal foliation, defined by numerous elongate sillimanite and grandidierite 
crystals (Fig. 3.12d), which has been ascribed to S la · In hand specimen, 
grandidierite appears as medium-grained (0.1-1.0 em) acicular to fibrous blue-
green crystals distributed in tight clusters throughout the dark-coloured portions 
of the outcrop (Fig. 3.13a). The dark-coloured portions resemble metapsammite 
layers described above for Zone 4 bedded migmatite yet dominantly contain 
sillimanite, grandidierite, cordierite, spinel and K-feldspar with only minor quartz 
(Fig. 3.12a). Dispersed amongst the dark-coloured rock-type are large (5-15 em 
across) leucosome pods which are interpreted to be mature crystallised melt 
segregations (see Chapter 5). These contain coarse-grained (1-2 em) microcline 
Figure 3.12 a) Hybrid diatexite from Zone 5. Note resorbed rims on schollen. 
Hammer 32 em long. 
b) Hybrid diatexite from Zone 5. Note rotated scbollen preserving D1a conjugate 
shear bands. Pen 13 em long. 
c) Hybrid diatexite from Zone 5. Metasedimentary rafts isolated by the intrusive 
material are randomly orientated and have reaction rims. Relict bedding can be 
observed in layered metasediments in the left side of the photograph. Pen 13 em 
long. 
d) Grandidierite locality in Zone 4. Photo shows weakly orientated (S la) 
alurninosilicate porphyroblasts (grey elongate crystals) and fine-medium grained 
grandidierite (green crystals). Pen 13 em long. 
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Figure 3.13 a) Grandidierite locality in Zone 4. Photo shows leucocratic 
segregations in association with cordierite (dark brown crystals), grandidierite 
(green crystals) and aluminosilicate porphyroblasts (stubby grey prisms). Pen 13 
em long. 
b) Photomicrograph of grandidierite (high relief mineral) in association with K-
feldspar and spinel. Base of photograph 3 mm. 
c) The northern granite. Note the porphyritic phanerocrystalline texture and dark 
rounded metasedimentary enclaves. Hammer 32 long. 
d) Coarse-grained garnet-sillimanite-biotite assemblage within retrograde shear 
zone from Zone 4. Base of photograph 3 mm. 
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K-feldspar and mmor fine-grained (<1 em) quartz, biotite, ilmenite and 
tourmaline. 
In thin-section, grandidierite appears as pale-blue, weakly pleochroic, 
bladed to acicular needles (Fig. 3.13b ). Clusters of grandidierite needles are 
commonly aligned parallel to sillimanite porphyroblasts and are in contact with 
medium-grained (0.5-1.0 mm) microcline K-feldspar, cordierite and isolated 
grains of subidioblastic brown spinel. In isolated examples grandidierite is 
observed to be in contact with a moat of quartz and partially pseudomorphs 
biotite. Another grandidierite texture involves fine-grained (0.05-1.0 mm) 
grandidierite occurring as atoll structures on cordierite-spinel-sillimanite clots. 
Coarse-grained (1-5 em) sillimanite is highly corroded, replaced by cordierite and 
minor K-feldspar, green spinel and grandidierite. 
Cutting this assemblage are clusters of fibrolitic sillimanite, restricted to 
discrete bands that cut across the dominant S la foliation and have caused brittle 
deformation of spinel and cordierite. The proximity of this locality to the eastern 
granite which is interpreted to have intruded during M2 and caused similar 
overprinting relationships in adjacent country rocks suggest the fibrolite grew 
during M2 (see Chapter 5). 
Large granitoid bodies 
Large megacrystic granitoid bodies bound the Mt Stafford beds to the 
north and east in the terrane (Fig. 1.3). In this thesis they are divided into the 
northern granite and the eastern granite (Fig. 3.3) on the basis of timing 
relationships. They are collectively termed the 'Mt Stafford Granite' by Collins & 
Williams (1995) who dated the eastern granite using U-Pb analysis of zircons at 
1818±15 Ma. 
Tbe northern granite is essentially a large sill, intruding sub-concordantly 
into the Mt Stafford Beds, and dipping gently northward at between 15°-25°. It 
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crops out over an area of approximately 40.km2, and its modal composition is 
roughly uniform across the body. There are a large number of metasedimentary 
screens and enclaves. Some of the larger inclusions (>30m across) are located on 
topographic highs with underlying granite, and may represent roof pendants of 
overlying Mt Stafford Beds. The contact between granite and underlying Zone 5 
rocks on the southern side of the body is diffuse, and evidence of magma mixing 
with melt derived from the metasediments (Greenfield et al., 1996) constrains the 
intrusion of the northern granite to late Mla· The observation of rotated xenoliths 
that contain Dta conjugate shear bands indicates the intrusion was post Dta· This 
granite is cut by numerous shear-zones which post-date D1 and contain mostly 
muscovite-quartz-bearing assemblages. In some places the shearing is mylonitic, 
producing a down-dip mineral and stretching lineation that is ascribed to L2/D2. 
The northern granite (Fig. 3.13c) consists mostly of megacrystic (2-8 em) 
K-feldspar and plagioclase, set in a phanerocrystalline groundmass consisting of 
coarse-grained (0.05-1.00 em) quartz and medium-grained (0.05-0.5 em) foxy-red 
biotite. K-feldspar megacrysts are ovoid and perthitic, and commonly displaying 
simple twinning. A narrow (0.05-2.00 mm) plagioclase rim is present on many K-
feldspar megacrysts. Plagioclase megacrysts display normal to oscillatory zoning 
and ovoid rims. Minor minerals are dominantly ilmenite and zircon, as well as 
rare euhedral cordierite, garnet and symplectic cordierite-spinel knots. 
The eastern granite has a similar mineralogy to the northern granite, but 
has less cordierite and fewer enclaves or xenoliths. The eastern granite is 
peppered with numerous pegmatite pods (1-10m across) that contain coarse-
grained (5-10 em) perthitic K-feldspar, quartz and tourmaline. The eastern granite 
contains a north-trending foliation (S2) which intensifies from being virtually 
non-existent along the western margin of the granite to being the product of 
intense ductile shearing in the east (Collins et al., 1991 ). Contact metamorphic 
effects of the granite are restricted to within -100 metres of the granite margin, 
and are defined by sillimanite porphyroblasts and/or fibrolitic sillimanite 
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overprinting S Ia immediately adjacent to the western margin, as well as well-
defined lenticular bands of passive retrogression that extend away from the 
granite (Appendix 6). They commonly contain poorly foliated andalusite-
muscovite assemblages that overprint MIa cordierite. 
Field and geochemical evidence indicates that both the northern and 
eastern granite were derived from a metasedimentary source and thus are 
classified as S-type granites (Chappell & White, 1974, 1992). Evidence for this 
includes: 
1) Euhedral cordierite, garnet, and cordierite-spinel knots in both granitoids, 
2) White K-feldspar and red-brown biotite in both granitoids compared to pink K-
feldspar and green-brown biotite common in I-type granites, 
3) Highly peraluminous composition (Al203 I CaO + K20 + Na20 = 1.84). 
Shear Zones 
Late shear zones cut across both S 1 and rare S2 fabrics, and range from 
weakly foliated retrogressed zones to quartz mylonites. Most preserve muscovite-
quartz assemblages, and the mica is commonly crenulated in these rocks. To the 
east of Mt Stafford, some shear zones preserve a higher grade assemblage of 
garnet-biotite-sillimanite± tourmaline (Fig. 3.13d). The high proportions of mica 
in these zones indicate shearing was associated with hydration. Many of the larger 
shear zones are associated with unfoliated tourmaline-bearing quartz blows, 
microgranite, pegmatites and even megacrystic granite which appear to have been 
intruded into these shear zones. 
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CHAPTER FOUR 
STRUCTURAL GEOLOGY 
4.1 Introduction 
The purpose of structural analysis in this thesis is to constrain the relative 
timing and nature of deformational events that affected the Mt Stafford terrane, 
and to place the deformation events into the regional framework defined for the 
Anmatjira-Reynolds Range region. This provides a structural framework within 
which to interpret the high-T /low-P metamorphic environment that affected the 
terrane. 
On a macroscopic scale the Mt Stafford Beds are moderately dipping and 
upward facing. The outcrop pattern is dominated by kilometre-scale upright folds. 
A more complex fold history is commonly preserved in the highest-grade rocks, 
which also experienced the most extensive partial melting. The effects of 
mesoscopic deformation at Mt Stafford are weak, and penetrative fabrics are 
generally restricted to fold hinges or shear planes. 
Previous structural analysis of the Anmatjira-Reynolds Range region 
interpreted two tectonic cycles, D 1/M 1 and D2/M2, which affected the area 
between c. 1820-1580 Ma (Clarke et al., 1990; Collins & Williams, 1995, Yry et 
al., 1996). Structural work from this thesis supports this broad interpretation. The 
effects of D2/M2 at Mt Stafford are weak and only affect rocks in the east of the 
area. To preserve the regional context of the structural history the nomenclature 
from these previous studies is used in this thesis, although minor discrepancies 
exist. These are shown in Table 2.1-2.2 and discussed below. 
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4.2 Bedding features (S0 ) 
Bedding planes (S 0 ) can be recognised throughout the Mt Stafford Beds, 
even in the highest grade rocks. Primary sedimentary structures in metapsammite 
layers are especially well preserved, and include fine-scale cross-bedding sets (3-4 
em/set) and ripple laminations. However, intercalated metapelite layers above 
Zone 2b are extensively disrupted by leucosome. Fining upwards graded bedding 
is common in metapelite layers below the solidus (Zone 2b). Individual beds 
range from 5-15 em in thickness, and grain-size may vary from 0.1-2.0 mm (base) 
to 0.05-0.5 mm (top) . In zones 3-4, the preferential growth of cordierite 
porphyroblasts in the aluminous portion of the graded bed has resulted m 
metamorphic reverse-grading, i.e. coarsening-upward sequences (Fig. 3.6d). 
Facing deduced from cross-bedding and graded-bedding indicate that the 
Mt Stafford Beds have not been overturned, although in Zone 4 there is evidence 
for D lb-D2 isoclinal folding (Appendix 6). From the nature of sedimentary 
structures and their consistency across the terrane a turbidite marine origin is 
inferred for the Mt Stafford Beds (Stewart et al., 1981), whereas limited 
metasedimentary breccias (Vernon, et al., 1990) may represent channel-facies 
within the sub-marine environment (Bouma, 1972). A generalised diagram of the 
inferred turbidite sequence is shown in Fig. 3.2. 
4.3 Dta event 
Introduction 
The first deformation event to affect the Mt Stafford area produced 
localised mesoscopic fold and fault structures within metasedimentary units, and a 
pervasive mineral lineation with variable orientation in mafic sills. Generally, the 
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effects of D 1 a are more pronounced in bedded migmatite than cordierite granofels 
or mafic granulite because of the relatively poor competence of the migmatite 
(McLellan, 1988). Dt a structures are characterised by leucosome pooling in 
dilatant sites and highly ductile deformation culminating in local disharmonic 
folding. Thus, Dta is inferred to be coeval with peak metamorphism (Mia) and 
migmatisation. The effects of D 1 a are variable across the terrane, but are most 
pronounced in the high-grade rocks of zones 3-5, possibly as a result of reduced 
rock strength during migmatisation and/or a concentration of stress related to 
coeval emplacement of the northern granite (Collins & Vernon, 1991; Worland, 
1992). There is no evidence of Dta in Zone 1, although strong weathering in this 
zone may have obscured mesoscopic structures. Zone 2 D 1 a structures differ in 
morphology to higher grade equivalent structures. Because of this variation, the 
description of D1a structures is divided into three self-consistent domains: Zone 2, 
zones 3-4, and Zone 5. Overall, the D la event is characterised by remarkably low 
strain in comparison to most polymetamorphic granulite terranes (Harley, 1989; 
Vernon et al., 1990). 
Zone2 
In Zone 2, outcrop patterns are dominated by F 1 b folds, and well defined 
D la mesoscopic structures are observable only on outcrop scale. S0 planar data for 
Zone 2 are summarised in Fig. 4.1a, and show that bedding planes strike 
northwest, one subset dipping shallowly to the northeast, and another moderately 
to the southwest. The effects of D la are inferred in Zone 2b from leucosome filled 
tension cracks developed perpendicular to S0 (Fig. 3.la). They predominantly 
occur in metapelite layers, where their origin is inferred on the basis of 
metamorphic textures to be related to incipient melting in these layers (see 
Chapter 5). Leucosome in these cracks are 1-2 em wide and have a consistent 
planar orientation in outcrop, as shown in Fig. 4.2a. Most outcrops that allowed 
Figure 4.1 Stereographic projection of S0 planar data (poles to planes) for 
Zone 2, zones 3-4, and Zone 5. The Kamb contour plot (right) uses the method of 
Kamb ( 1959) to calculate the number of standard deviations ( cr) from a uniform 
distribution of points on the projection. Thus the shading represents the following 
density distributions: 
white = 2-4cr 
light grey = 4-6cr 
medium grey = 6-8cr 
dark grey = 8-lOcr 
black= 10-12cr 
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Figure 4.2 a) Schematic geometry of leucosome within tension cracks from 
Zone 2b. The inferred approximate directions of finite shortening and extension 
(Oliver & Barr, 1997) are shown with white arrows. b) Outcrop sketch of D1a 
conjugate shears associated with asymmetric boudinage of metapelite, with 
inferred approximate directions of shortening and extension (Oliver & Barr, 
1997). 
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measurement of leucosome planes were found along the eastern limb of a major 
F 1 b syncline in Zone 2 (Appendix 6). Measured leucosome veins are typically 
steep to orthogonal to bedding, striking 099° to 135° (Appendix 5). 
Metapsammite layers truncate the tension cracks (Fig. 4.2a), although there are 
rare examples of leucosome cutting the metapsammite layers in Zone 2b. 
Zones 3-4 
Zones 3-4 are characterised by increased leucosome proportions m 
metapelite and the presence of mafic sills intercalated with the metasedimentary 
rocks. Planar data (S 0 ) from zones 3-4 are summarised in Fig. 4.1 b. They define a 
tight girdle with bedding dipping to the north. 
Mesoscopic conjugate shear zones are abundant within metasedimentary 
rocks throughout zones 3-4 (Fig. 3.5a, 3.8a, Fig. 4.2b). They cut bedding and are 
themselves folded around F 1 b folds and are thus ascribed to the D 1 a event. 
Conjugate shear sets are 5-100 em apart and appear as small horst-graben sets, 
with normal sense displacement of bedding by up to 15 em. The shear sets are 
upright and moderate to steeply dipping, between 19-45° to the inferred principal 
stress direction (Fig. 4.2b, Appendix 5). The principal stress direction ( cr 1) is 
inferred to be approximately parallel to the acute bisector of the conjugate shear 
planes (McKenzie, 1969). Conjugate shear zone data are tabulated in Appendix 5 
and summarised in Fig. 4.3, which displays equal area projections of 8 conjugate 
shear plane pairs. In the unrotated data sets, the shear planes are moderately- to 
steeply-dipping in no preferred orientation (Appendix 5). Conjugate shear planes 
that have undergone no post-slip rotation should display opposing vergence 
directions (McKenzie, 1969). The possible effects of Dtb and D2 have been 
removed from the dataset by rotating the bedding planes containing the conjugate 
shears back to horizontal. These data are summarised in Fig. 4.3, which also show 
the inferred stress orientations. 0'2 is inferred to be parallel to the intersection of 
Figure 4.3 Locality map of Dta conjugate shear plane pairs measured from 
zones 3-4 bedded migmatite. Equal area stereonet plots of each shear pair show 
the inferred stress directions ( cr 1, cr2, 0"3; McKenzie, 1969). cr2 is inferred to be 
parallel to the intersection of the shear planes, whereas is inferred to be parallel to 
the obtuse bisector of the planes and cr 1 parallel to the acute bisector of the planes 
(McKenzie, 1969). Numbers refer to reference points listed in Appendix 5. The 
localities of L,. lineation measurements summarised in Fig. 4.6 are also shown. 
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the shear planes, whereas cr3 is inferred to be parallel to the obtuse bisector of the 
planes (McKenzie, 1969). cr2 is moderately to shallowly dipping to the southwest, 
whereas cr1 and cr2 vary between shallowly to steeply dipping to the northeast or 
northwest (Fig. 4.3). Worland (1992) plotted shear data from the eastern limb of a 
Zone 4 D 1 b fold and obtained a consistent angle of 58° between sinistral and 
dextral shear sets. The analysis from this thesis shows that this consistency of 
structure is not characteristic across the terrane. It is possible that the 
heterogenous strain recorded in conjugate shear zones is influenced by the local 
degree of melting dictating the coherence of the sheared rocks during D 1 a· This 
may explain why measurements from mafic lineations and Zone 2 tension cracks 
are more consistent because they developed in rocks with low melt proportions (0-
15 vol. %). 
In some high-grade rocks leucosome occurs in the plane of the shear. More 
common are metapsarnmite layers that have been dragged into the shear plane 
(Fig. 4.4a). Under the inferred conditions of extreme ductile deformation this has 
resulted in drag folding (Fig. 4.4). These folds have previously been interpreted as 
intrafolial isoclinal recumbent folding and ascribed to a separate deformation 
event (Vernon, et al., 1990). Close examination of many examples, however, 
indicates there is a complete gradation of drag folding from sharp fault contacts 
with minimal rotation of S0 (Fig. 4.4a), to isoclinal folding with substantial 
rotation of S0 (Fig. 4.4b). Drag fold axial planes become increasingly more acute 
to bedding with increasing strain, consistent with a very ductile response to 
deformation (Fig. 4.4c). The progression culminates in tight-isoclinal drag folding 
observed in Zone 4 diatexite where complete loss of coherent structure is evident 
(Fig. 4.4b ). The drag folds are highly asymmetric (Fig. 4.4d), and where isoclinal 
only inverted on the short limb. 
A definitive S la fabric is not commonly developed because of the overall 
low strain associated with the event. However, in cordierite granofels and some 
metapelite a sub-horizontal foliation parallel to S0 is observed (Fig. 4.4d). This is 
Figure 4.4 (a) Bedded migmatite from Zone 4 showing a sinistral shear plane 
disrupting bedding. Metapsammite layers have been dragged into the plane of 
shear, inferred to represent poorly developed drag folding. Pen 13 em long. (b) 
Tight-isoclinal drag folding in bedded migmatite from Zone 4. Lens cap 5 em 
long. (c) Open-tight drag folding from bedded migmatite in Zone 3. Note that 
unlike previous photos (Fig. 4.2a-b) there is no disruption of bedding along the 
axial plane of the fold- deformation has been entirely ductile. Hand lens 2 em 
wide. (d) Disharmonic folding associated with conjugate shear in cordierite 
granofels from Zone 3. Note compositional layering, ascribed to S 1 a. which 
comprises alternate cordierite rich (dark) and K-feldspar + quartz rich (light) 
layers. Scribe 13 em long. 
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mostly defined by lenticular leucosome (causing the mottled appearance of 
cordierite granofels), and is probably a result of flattening during mechanical 
weakening of the layers by melting (Weertman & Weertman, 1975). Mafic sills 
within Zone 4 also contain an S La fabric, which is defined by aligned elongate 
orthopyroxene crystals (0.5-7 .Omrn length). 
Mesoscopic scale boudins in metasedimentary rocks are common 
throughout zones 3-4, but rare to non-existent in zones 1-2a. They are 
characterised by extension of metapelite, with leucosome commonly infilling 
boudin necks (Fig. 3.5a, Fig. 4.2b). Metapsamrnite layers were less competent 
during extension. Figure 4.5a shows an example of metapsamrnite infilling boudin 
necks, and Fig. 4.5b shows ductile necking of the metapsannnite layers into the 
metapelite layers. Boudin geometry varies between rock-types but individual 
boudins are commonly between 10-20 em across in outcrop facings. Lack of 
appropriate outcrop has precluded a 3-D strain analysis. The non-coaxial nature of 
D la is evidenced by tl)e partial rotation of individual boudins by conjugate shear 
bands, in a similar action to drag folding and roughly similar direction of 
differential movement to drag fold axial planes (Fig. 4.5a). 
Within mafic sills, elongate pyroxene grains preserve a pervasive mineral 
lineation. Lineations measured around a Zone 4 F1b/F2 fold nose (Appendix 5-6) 
describe a tight girdle, moderately to steeply dipping to the southwest (Fig. 4.6). 
When the F 1 b/F2 fold is unfolded back to horizontal, the lineations fall into two 
shallow to horizontal, doubly plunging maxima oriented north-south. It is inferred 
that this mineral lineation developed during D1 a in response to a simple shear 
component that was not detected in the conjugate shear zones. It is possible that 
D 1 a leucosome-filled tension cracks in Zone 2 developed in response to similar 
stress conditions. Leucocratic segregations in Zone 4 mafic granulites are 
perpendicular to S0 , in similar style and orientation to tension cracks observed in 
Zone 2, which supports the interpretation that they also developed during D 1 a· 
Figure 4.5 (a) Rotated boudins in bedded migmatite from Zone 4. Note that 
metapelite has been boudinaged, with metapsammite infilling boudin necks. 
metapelite boudin tablets contain leucosome with cordierite and alurninosilicate 
porphyroblasts. They record a dextral sense of rotation. Pen 13 em long. (b) 
Symmetrical boudinaging in bedded migmatite from Zone 4 . Note the 
metapsamrnite contains primary sedimentary structures which have been distorted 
by deformation in boudin necks. As with Fig. 4.3a, the metapsammite layers acted 
as the incompetent rock-type relative to metapelite during deformation. This is in 
contrast to lower-grade boudin-necks which are inftlled by leucosome (Fig. 3.5a). 
It is inferred that for rocks shown in Fig. 4.3a-b the partially-melted metapelite 
layers had solidified prior to boudinaging. Pen 13 em long. 
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Figure 4.6 Equal area stereonet scatter plots of L 1 a mineral lineation data 
measured from mafic sill5 in Zone 4 (see Fig. 4.3). The unrotated dataset (a) 
displays a tight girdle that is inferred to reflect the rotation of the lineation during 
D 1 b· The planes containing the L 1 a lineations have been rotated back to horizontal 
(b) to remove the effects of D 1 b and/or D2. The rotated dataset displays shallow to 
horizontal, doubly plunging clusters oriented north-south. 
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ZoneS 
Zone 5 rocks are structurally heterogeneous and heavily disrupted by the large-
scale injection of magma from the northern granite (Greenfield et al. 1996). A 
projection of planar data shown in Fig. 4.1c defines a weak east-west girdle, with 
bedding moderate-steeply dipping. The preservation of rotated metasedimentary 
blocks containing inferred D Ia conjugate shear zones (Fig. 3.12a) is evidence that 
the injection of the northern granite magma occurred post- or at least late-D 1 a· 
Close to the northern granite contact, large metasedimentary screens are upturned, 
with bedding steep to vertical. D1a conjugate shears are present, but less common 
than in zones 3-4. 
Summary of Dta event 
It is unclear from observation of Zone 2 Dta structures whether melting or 
deformation initiated first. It is possible that melting may have been initiated in 
dilatant shear fractures, and these veins would become sites of further melt 
accumulation through dilatancy pumping (Sawyer, 1994; Brown et a/., 1995; 
Oliver & Barr, 1997). This process has been used by many authors for the 
migration of aqueous fluid under sub-solidus conditions (Etheridge et a/., 1983; 
Oliver, 1996). The truncation of S la tension cracks by metapsammite layers 
indicates the weakness of D1a deformation, the initiation of shear specifically in 
semi-molten metapelite layers, and the relative competency of the metapsammite 
layers. 
The S Ia data are consistent with melting and leucosome segregation during 
layer-normal shortening and layer-parallel extension, which has been observed in 
other migmatite terranes by Wickham ( 1987), McLellan ( 1988), Sawyer ( 1991 ), 
Oliver and Barr ( 1997) amongst others. It is inferred from abundant evidence of 
M1a leucosome oriented perpendicular to S0 in metapelite at low-grade (Zone 2), 
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and in mafic sills at high-grade (Zone 4 ), that cr 1 was approximately vertical 
during D Ia. assuming the Mt Stafford Beds were roughly horizontal at this time. A 
clearly defined <rt is not recorded in the conjugate shear zones contained within 
the bedded migmatite. This lack of structural integrity may be influenced by the 
local degree of melting experienced by the bedded migmatite during D 1 aiM 1 a· 
It is possible that D Ia was a direct result of gravitational collapse caused 
by local softening of the crust resulting in asymmetric, mesoscopic extensional 
structures similar to those observed in zones 3-4 (Hollister & Crawford, 1986). 
However, the symmetry shown in Zone 2 extensional structures and the mineral 
lineation in Zone 4 mafic sills is consistent with the effects of a simple shear 
component (Ramsay, 1980). This may be the result of thermal doming or a similar 
extensional event (Collins et al., 1991 ). Both gravitational collapse and thermal 
doming processes may have been simultaneously active during D 1 a. and more 
structural data is required to constrain the origin of D 1 a extensional structures. 
Based on the inferred migration of melt to D Ia dilatant sites, the effects of 
D 1 a would have been coeval with M 1 a heat flux. From the restricted extent of the 
aureole and rapid change in grade at Mt Stafford the heat source for M 1 a 
metamorphism is inferred to be localised (Vernon et al., 1990), so that migration 
of MIa heat and therefore D1a deformation from high- to low-grade is also 
inferred. 
4.4 Dtb event 
The second deformation event is observed as kilometre-scale open to 
isoclinal upright to reclined folds. F 1 b folds control the outcrop pattern at Mt 
Stafford (Fig. 1.3), and deform and rotate all D 1 a structures. Fold plunges are sub-
horizontal- to shallowly-plunging, predominantly to the north (Fig. 4.7). The 
larger folds are roughly cylindrical demonstrating their upright, harmonic nature. 
The large scatter of projection data shown in Fig. 4.7 is attributed to the 
Figure 4.7 Equal area stereonet plots of S0 planar data. This dataset is inferred 
to reflect the generalised orientation ofF 1 b folds, as this folding event dominates 
the bedding trends at Mt Stafford. The scatter plot (a) shows poles to S0 planes for 
239 measurements. The Kamb contour plot (b) displays two well defined clusters 
to the east and west. These groups probably reflect the generalised orientation of 
F 1 b fold limbs. In the 1% area contour plot (c) these clusters are also evident. The 
light grey areas represent 8-12cr concentrations and the dark grey 12-l6cr. A great 
circle has been drawn through the girdle (71/080°S) and the pole to this plane is 
shown as a square (19/350°). 26 measured F 1 b fold plunges have been 
superimposed on the plot and shown as crosses. They display a cluster that is 
horizontal to shallowly dipping to the north, with the pole to the S0 /S 1 planar 
great circle roughly in the centre of the cluster. 
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superposition of D2 structures onto Ftb folds. From west to east across the terrane, 
F 1 b axial surfaces fan from northwest to north-trending, and fold tightness 
progresses from open to isoclinal. S 1 b is weak and confined to axial surfaces of 
F 1 b folds. It also varies from west to east across the terrane, changing from a slaty 
cleavage in zones l-2b to a schistosity defined by flattened cordierite and biotite 
in zones 2c-4. F 1 b fold hinges in zones 3-4 contain a weak stretching lineation, 
defined by stretched and flattened cordierite and M 1 a leucosome. Metre-scale, 
open to tight parasitic folds with shallow enveloping surfaces are common on the 
limbs of larger F 1 b folds, especially in the east of the area. Crenulation cleavage 
with centimetre-scale wavelengths are present in some larger F 1 b fold-hinges. 
There is no widespread mineral paragenesis associated with this event, 
although Worland ( 1992) reported aligned prismatic sillimanite grown in F1 b fold 
hinges along the eastern margin of the terrane, and inferred from this that F 1 b 
folding occurred at a similar pressure to D Ia· The northern granite, which was 
emplaced shortly after D1a (Greenfield et al., 1996) is also folded around Ftb fold 
hinges. The eastern granite however shows no evidence of D 1 b deformation. 
4.5 D2 event 
F 1 b folds have been reorientated along the eastern margin of the terrane, 
resulting in the development of a large reclined isoclinal antiform (Appendix 6) 
and telescoping of M 1 a isograds. This is particularly evident in Zone 4 which is 
cigar-shaped and elongate north-south. Although deformation was relatively weak 
and in the same gross orientation to Dtb, slight rotation of Ftb fold hinges and 
local overturning of Ftb fold limbs confirms the presence of later deformation 
(Appendix 6). 
An axial planar foliation in the eastern granite is ascribed to D2 by Collins 
et al. (1991), because it is parallel to similar style D2 foliations in the southeastern 
Weldon terrane (Clarke et al. , 1990). This foliation increases in intensity towards 
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the eastern margin of the granite, culminating in S-C fabric formation (Berthe et 
al., 1979) in steep mylonite zones on the boundary between the Mt Stafford 
terrane and the lngellina terrane directly to the east (Collins et al., 1991 ). 
Prismatic sillimanite (0.1-2.0 em in length) developed in the western 
margin of the eastern granite is randomly orientated in most samples, but can be 
partially aligned in F 1 b-F2 fold hinges (Collins et al., 1991). The lack of evidence 
forD lb deformation in the eastern granite therefore constrains it's emplacement to 
be post-Dtb and pre-syn D2. 
4.6 Shear zones 
The entire Anmatjira Range, as well as the Reynolds Range directly south, 
are extensively transected by regional-scale shear zones (Appendix 6), which 
share common affinities in both age and style, and are attributed to crustal-scale 
events by Collins and Teyssier (1989). In the Mt Stafford terrane, shear zones 
preserve mostly lower greenschist facies assemblages, and are continuous at a 
kilometre-scale. 
At Mt Stafford two dominant sets of shear zone orientation exist. The most 
common and extensive are east-west trending zones with sinistral shear sense. 
Individual zones range in width from 1-20 metres. Less common are northeast-
southwest trending shear zones that have a dextral shear sense. Both sets dip sub-
vertically and contain a pervasive down-dip mineral and stretching lineation 
developed on C-planes which indicates dominant dip-slip movement over lateral 
movement (Berthe et al., 1979). Marker units such a mafic sills record lateral 
offsets of up to 15 metres. 
Unsheared megacrystic granite, pegmatite and tourmaline-bearing quartz 
blows intrude the shear zones. The grain-size and mineralogy of the megacrystic 
granite is equivalent to the northern granite and it is inferred they intruded 
coevally. If true, this would constrain the origin of the major shear zones to at 
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least post-D 1 b· and pre-D2. A Proterozoic origin was also interpreted for similar-
scale genetically related shear zones in the Reynolds Range (Dirks & Wilson, 
1990). These shear zones were probably reactivated during subsequent events, as 
the eastern granite is affected by similar style shear zones, and thrusting of the 
Ingellina Terrane over the Mt Stafford terrane (D2/M2) probably focused strain in 
pre-existing major shear zones (Collins et al., 1991). They were possibly last 
active during the 400-300 Ma Alice Springs Orogeny (Collins & Shaw, 1995) 
where crustal-scale faulting is inferred to have uplifted the northern province of 
the Arunta Block to the surface (Collins & Teyssier, 1989). This is based on Rb-
Sr whole rock isochron data compiled by Shaw et al. (1984). 
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CHAPTER FIVE 
METAMORPHIC GEOLOGY 
5.1 Introduction 
The Arunta Block experienced multiple metamorphic events between the 
early Proterozoic (c. 1820 Ma) and the mid-Cambrian (c. 500 Ma; Stewart et al., 
1984). However, the Mt Stafford area dominantly preserves only the effects of the 
earliest c. 1820 Ma event (Mt; Collins & Shaw, 1995), and limited effects of a M2 
metamorphic event which pervasively affected rocks in the southeastern 
Anmatjira Range during the post-1820 Ma Weldon tectonic cycle (Collins & 
Williams, 1995; Vry et al., 1996). 
This chapter deals with the petrology and mineral chemistry of the rocks 
affected by the M 1 event, and attempts to deduce melting reactions and estimate 
P-T conditions of migmatite formation. All mineral abbreviations follow the 
system of Kretz (1983), except where stated. 
5.2 Mt event 
M 1 is defined as the peak metamorphic and melting event that affected the 
Mt Stafford terrane. Peak metamorphism was contemporaneous with localised 
Dta extension in the migmatites, as evidenced by the migration of melt to boudin 
necks and narrow (1 em wide) conjugate shear zones. The D 1-M 1 event resulted 
in a low-PI high-T regional aureole (Brooks Hanson & Barton, 1989; Collins & 
Vernon, 1991) at Mt Stafford over a distance of 10 km below a syndeformational 
granite sheet, which is shown in Fig. 1.3 as the northern granite. 
It is currently unclear what ultimately caused the localized, exceptionally 
low-P I bigh-T metamorphism. The limited mafic rocks were themselves 
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metamorphosed, and the northern granite intruded after D 1 a (Greenfield et al., 
1996). However, the intimate relationship shown by the northern granite and Zone 
5 rocks is consistent with it having intruded shortly after, and having been 
causally related to, the DJa-Mla event. Although the northern granite has not yet 
been dated, the eastern granite post-dates the northern granite and has been dated 
at 1818±14 (Collins & Williams, 1995). Thus the timing of M1 metamorphism is 
constrained between the deposition of the Lander Rock Beds (c. 1870 Ma; 
Stewart et al., 1984) and the intrusion of the eastern granite. The cores of what are 
inferred to be metamorphic zircons from the eastern granite have been dated at 
1857±19 and are tentatively interpreted as having grown during M1 (Collins & 
Williams, 1995). 
The M1 metamorphic rocks can be divided into five zones ranging from 
greenschist to granulite facies (Chapter 3). This has been based on mineralogical 
variation in metapelitic rocks because of their abundance and sensitivity to 
metamorphic conditions. Zone 1 is poorly exposed and contains muscovite-
biotite-quartz schist. The lower limit of Zone 2 is defined by the subsolidus 
breakdown of muscovite to andalusite and K-feldspar (Sub-zone 2a), with the 
products of melting recognized some distance above muscovite breakdown. The 
first recognized leucosome defines the lower limit of Sub-zone 2b. The upper 
section of Zone 2b contains two-pyroxene mafic granofelses, which are 
metamorphosed basic sills, interlayered with andalusite-bearing migmatite. Sub-
zone 2c is defined on the basis of sillimanite replacing andalusite. Zone 3 is 
characterized by the first appearance of spinel and a reduction in biotite content. 
Zone 4 is characterized by orthopyroxene-bearing migmatite, garnet-
orthopyroxene-bearing assemblages in this zone indicate that the conditions of 
metamorphism were in excess of 810°C and 2.5±0.6 kbar (Greenfield et al., 
1996). Zone 5 contains enigmatic biotite-cordierite-plagioclase diatexite, which 
has gradational contacts with the northern granite (Fig. 1.3). This granite cuts the 
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metamorphic isograds and was intruded late in the M1-D1 event (Fig. l.3; Vernon 
et al., 1990; Greenfield et al., 1996). 
5.3 M2 event 
Apart from mineral growth in reactivated shear zones, evidence of 
metamorphism affecting Mt Stafford rocks subsequent to M1 is characterised by 
the growth of prismatic and fibrolitic sillimanite in the east of the Mt Stafford 
area. Prismatic M2 sillimanite (0.1-3.0 em length) is only developed within -100 
m of the eastern granite margin in association with muscovite, and is inferred to 
have grown as a result of contact metamorphism caused by heating from the 
eastern granite. Prismatic sillimanite is also found in contact with biotite and 
garnet (Fig. 3.13d) in weakly deformed shear zones, and is aligned north-south. 
This fabric is parallel to S2 as defined for the Weldon terrane to the southeast 
(Clarke et al., 1990), and is ascribed to the same event. Medium-grained (0.5-2.0 
mm) muscovite is commonly found in contact with sillimanite and helps to 
discriminate the S2 sub-assemblage from S L assemblages which do not contain 
muscovite above Zone 1. Garnet in these samples is medium-grained (0.5-2.0 
mm), idio- to sub-idioblastic and has rare inclusions of quartz and ilmenite. 
Biotite is medium-grained (0.5-2.5 mm) within an anastomosing fabric. FibroJitic 
sillimanite is also weakly aligned parallel to S2 close to the eastern granite and 
overprints M 1 cordierite and spinel. In other samples fibrolite is randomly-
orientated, and overprints cordierite and andalusite. Fine- to medium-grained 
xenoblastic garnet in Zone 2 may also have grown during M2 as it overprints the 
M 1 Crd-Bt sub-assemblage and in one sample from Zone 2c (l112m) has grown 
parallel to S2 and in association with sillimanite and biotite. 
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5.4 Microtextures and inferred prograde reactions 
This section builds on the petrographic descriptions in Chapter 3 and 
examines the metapelite microtextures in more detail. These and other data are 
combined to infer a series of prograde reactions. 
Microtextures that are considered good evidence for previous reaction 
include coronas, symplectites and pseudomorphs (Vernon, 1996). Inclusion 
minerals, while useful to elucidate conditions of early mineral growth (Vernon, 
1996), were not used as direct evidence for initial reactant assemblages (e.g. Jones 
& Brown, 1990; Vance & Holland, 1993), nor were symplectic retrograde 
assemblages assumed to be direct back-reactions of equivalent prograde reactions. 
For instance, And-Bt-Qtz symplectites replace cordierite within leucosome, 
however it is unlikely, based on the first appearance of cordierite and andalusite 
porphyroblasts in Zone 2, that andalusite was a precursor for prograde cordierite. 
Reactions ( 1), (2), (3), (5), and (7) (Table 5.1) have been balanced using 
Spear's application REACTION (Spear, 1990). Reaction (5) and (7) has been 
balanced using 6 phases in the system K20-FeO-MgO-Al203-Si02-H20 
(KFMASH). Fluid contents in biotite and cordierite have been estimated from 
stoichiometry, and conservation of fluid across the reaction is assumed, although 
water of crystallization may have been lost to retrograde shear zones from some 
Zone 4 migmatites (see below). 
Carrington and Watt (1995) suggest that K-feldspar may be a reactant or a 
product of KFMASH vapour-absent melting reactions, depending on the 
K20:H20 ratio in the melt and biotite. The H20 content of the melt is unknown, 
however based on the observation of euhedral K-feldspar within leucosome, K-
feldspar is inferred to be a melt product rather than a reactant in vapour-absent 
melting reactions (5), (6), (7), (8), and (9). It is quite possible that K-feldspar was 
both a reactant and a product, as interpreted for vapour-present reactions (2) and 
(3). 
Table 5.1 Summary of the reaction sequence in metapelite and metapsammite 
across the terrane. 
0> 
,...... 
II Reaction Zone Rock-type Re<.~ction Variance in Representative 
number KFMASH leucosome 
mode(%) 
1 2a metapelite Ms+Qtz->And+Kfs+H20 divariant 
2 2b metapelite Kfs+Bt+Crd+Qtz+H20->melt divariant Qtz: 60.9 
Kfs: 29.8 
Bt: 9.3 
3 2b metapelite Kfs+Qtz+Bt+H20->And+melt divariant Qtz: 59.1 
Kfs: 35.3 
Bt: 5.6 
4 2c metapelite And->Sil univariant 
5 3 metapelite Bt+Sil+Qtz->Spl+Crd+Kfs+melt univariant Qtz: 15.7 
Kfs: 80.8 
Bt: 3.5 
6 3 metapelite Bt+Sil+Qtz->Crd+melt divariant 
7 4 metapelite. Bt+Crd+Qtz->Grt+Kfs+melt divariant Qtz: 55.9 
metapsamrnite, Kfs: 42.9 
melanosome Pl: 2.2 
8 4 metapelite B t +S pl+Qtz->Grt +Crd+ Kfs+mel t univariant 
9 4 metapsamrnite, Grt+Bt+Qtz->Opx+Crd+Kfs+melt univariant 
melanosome 
10 2-5 metapelite Crd+Kfs+H20->And+Bt+Qtz divariant 
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It is also ambiguous how K-feldspar should be expressed as a product of 
feldspar is assumed to be a melt product of this reaction, which differs from the 
equilibrium expression shown in Table 5.1, and implies K-feldspar is a peritectic 
product separate from "melt". There is textural evidence for both peritectic growth 
(euhedral overgrowths on inclusion-rich microcline) and crystallisation 
(interstitial between idioblastic grains) of K-feldspar within high-grade 
leucosome. The difference in terms of reaction topology in pressure-temperature 
space (Section 5.10) is assumed to be negligible. 
Melt compositions have been estimated using point counting of relevant 
leucosome pertinent to each reaction texture. 14 leucosomes were point-counted, 
however only one representative mode for each reaction was used, and normalised 
for use as a single phase "melt" in the REACTION program. In each case the 
minerals used (in order of decreasing abundance) are shown in brackets after 
"melt" in each equation (see below). The modes of each leucosome used in the 
calculations are shown in Table 5.1 . 
Within a leucosome it is very difficult to distinguish between restite and 
crystallised melt (Ashworth & McLellan, 1985). However, due to the undeformed 
and unsegregated nature of the leucosome and well defined 
leucosome/melanosome boundaries, point counting of the actual segregations in 
this study is more useful and accurate than similar studies in other more def01med 
rnigmatite terranes. The segregations themselves may contain non melt-derived 
material, and recognition of these is fundamental in the modal analysis. The 
following material found within segregations were not included in melt 
calculations: 
1) Peritectic reaction products. Within leucosome at Mt Stafford, 
andalusite, garnet, cordierite and orthopyroxene are all peritectic products of 
melting, and for the purposes of mass balance are not considered part of the melt 
fraction. Some entrained cordierite and garnet, typically poikiloblastic and 
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xenoblastic, were interpreted as restitic material and also excluded from point 
counting. 
2) Inclusion-rich crystal nuclei. The cores of some K-feldspar grains are 
poikiloblastic, with randomly orientated quartz and biotite inclusions. This texture 
is interpreted to represent original sub-solidus growth of K-feldspar, which 
provides a nucleus for further inclusion-free K-feldspar growth crystallising from 
melt. Similar textures are commonly observed in all of the peritectic minerals, 
consistent with these having sub-solidus nuclei. 
(3) Entrained metapsammite. Within diatexite from zones 4 and 5, fine-
grained patches of quartz-biotite-cordierite ± K-feldspar ± garnet occur in 
leucosome. They are inferred to be restite on the basis of their relatively fine grain 
size and absence of melt-textures such as idioblastic crystal faces, graphic 
intergrowths, myrmekite, idiomorphic zoning in plagioclase etc. (Tilley, 1924; 
Kenah & Hollister, 1983; Ashworth, 1985; Vernon & Collins, 1988; Pattison & 
Harte, 1988). For example, 'entrained' cordierite is inclusion-rich, xenoblastic , 
with embayed grain boundaries, whereas melt-derived cordierite is inclusion-free, 
displays sector twinning and has sub-idioblastic or idioblastic grain boundaries. 
Development of andalusite 
Andalusite first appears in Zone 2a as fine to medium-grained (0.5-9.0 
mm) idioblastic prisms that are either inclusion free or, more commonly, 
poikiloblastic with inclusions of quartz. It is found in contact with K-feldspar, 
biotite, quartz and tourmaline, and in more psarnrnitic rocks, with K-feldspar and 
quartz. 
According to the experimental work of Vielzeuf & Holloway ( 1988), the 
estimated pressures of 2.8±0.6 kbar in Zone 2b rocks are too low for dehydration 
melting of muscovite, which starts at approximately 5.5 kbar. Field evidence 
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supporting this is the appearance of andalusite in Zone 2a below the inferred 
solidus, consistent with its initial formation having been a solid state reaction 
involving the breakdown of muscovite and/or chlorite. Andalusite and cordierite 
are found in contact in one sample only in this zone, consistent with cordierite 
having not been a likely reactant to form andalusite. The close association of 
andalusite to K-feldspar in Zone 2a, as well as the disappearance of muscovite 
and a reduction of modal quartz from Zone 1 suggest the following reaction is 
likely: 
1) 1.0 Ms + 1.6 Qtz > 0.5 And+ 0.5 Kfs + 1.0 H20 
Vapour present melting reactions 
The onset of partial melting is interpreted to occur at lower amphibolite 
facies within Zone 2b (Greenfield et al., 1996), although the water activity 
attending metamorphism at this grade is not known. The amount of biotite present 
in metapelitic rocks, and water of crystallization released from the formation of 
andalusite (reaction (1)) would suggest hydrous conditions existed. In Zone 2b, 
leucosome most commonly is found within dilatant structures such as boudin 
necks and tension cracks. The segregations are completely contained within the 
metapelite layers and are interpreted to have formed in-situ, with minimal (em 
scale) migration from source (Greenfield et al., 1996). They contain 
predominantly quartz with idioblastic rnicrocline feldspar and biotite. The absence 
of a peritectic mineral within the segregations is consistent with the congruent 
melting of the Qtz-Kfs-Bt-Crd assemblage present in the adjacent metapelite at 
this grade. The following reaction is inferred (melt composition is suggested in 
brackets, based on point counting of leucocratic segregations): 
(2) 3.5 Kfs + 3.2 Bt + 5.8 Crd + 4.1 Qtz + 1.0 H20 -> 1.0 melt (Qtz-Kfs-Bt) 
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Patch leucosomes containing quartz, biotite and rare K-feldspar 
surrounding coarse grained andalusite showing idioblastic crystal faces against 
the surrounding minerals are less commonly found (Fig. 3.4d). This texture is 
found slightly upgrade from reaction (2) textures, very close to the andalusite-
sillimanite transition which marks Zone 2c. The following balanced reaction 
seems likely in these conditions: 
(3) 2.7 Kfs + 1.1 Qtz + 0.5 Bt + 1.0 H20 -> 0.3 And+ 1.0 melt (Qtz-Bt-Kfs) 
Moats of leucosome surrounding the andalusite in Zone 2c are evidence 
that the focus of the reaction centred on the growing andalusite porphyroblast. 
This may be due to the difficulty in nucleating this mineral and/or the poor 
mobility of Al (Bhaska Rao, 1986). The result is a relatively homogeneous 
nucleation growth that is contemporaneous with melting, rather than precipitation 
from the melt (e.g. Cesare, 1994). An analogous situation is interpreted at Round 
Hill, Broken Hill (Powell and Downes, 1990), where growing garnet acted as the 
loci for the melt forming reaction producing a coarse grained patch migmatite (cf. 
also Loomis, 1979; Waters, 1988). It is suggested that And+ melt formation at Mt 
Stafford relied on initial solid-state diffusion for the formation of andalusite (ie. 
reaction (1)), then as temperature rose sufficiently above the solidus (Fig. 5.1 ), 
mobilisation of alkali elements during hydrous conditions produced patchy, 
nebulitic, in-situ migmatite centred on peritectic andalusite. If the presence of 
boron-bearing fluid is inferred then a more efficient redistribution of major 
elements, in particular Si , AI, K and Na, may have resulted (Manning and 
Pichavant, 1983), contributing to the large grain-size of the andalusite 
porphyroblasts (up to Scm long). 
Although the co-existence of andalusite and melt is consistent with low 
pressures during melting, andalusite = sillimanite transition according to the 
commonly accepted curves of Holdaway (1971), Brown & Fyfe (1971) and 
Figure 5.1 Temperature-distance diagram summanzmg the results of 
thermometry (Table 3) on a profile extending from Zone 1 to the northern granite 
(Fig. 1.3). Individual samples were projected along strike onto the profile shown 
in Fig. 1.3. THERMOCALC (Powell & Holland, 1988) estimates are represented 
by columns showing 1cr and 2cr error bars. Garnet-cordierite thermometry 
estimates (Nichols et al., 1992), applied to metapsammitic rocks, are shown as 
circles with 1 cr error bars. Opx-Cpx thermometry estimates (Fonarev & 
Graphchikov, 1983) applied to mafic rocks from the terrane are shown as 
triangles. The results of garnet-orthopyroxene thermometry (Harley, 1984) on 
Zone 4 rocks are represented by the open ovals. A simple regression line is drawn 
though the zone 1-4 estimates, and another through Zone 5 estimates. The dashed 
line indicates the approximate position of the metapelite solidus. 
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Richardson et al. ( 1969) leaves little or no P-T space for this association. The 
presence of boron or fluorine in minor amounts of 1-2% can lower the water-
saturated solidus by as much as 100°C (Chorlton & Martin, 1978; Pichavant, 
1981; Kerrick & Speer, 1988; London et al., 1996). In zones 1-2, detrital 
tourmaline is a significant minor mineral within metapelite; also, the boron-rich 
grandidierite locality in Zone 4 is marked by extensive melting compared to more 
coherent nearby migmatites. The consistent presence of detrital tourmaline in the 
protolith pelite may have allowed melting in the andalusite field, at temperatures 
below the commonly accepted solidus. An assumption of this model is the 
breakdown of tourmaline in water-saturated conditions to allow a boron-bearing 
aqueous phase. Although the experimental work of Manning & Pichavant (1983) 
and Benard et al. (1985) show that tourmaline remains insoluble in low-
temperature granitic melts, Haslam ( 1980) recorded detrital tourmaline in the 
initial sediments and locates the P-T conditions of tourmaline breakdown to 
grandidierite to be between 600-670°C and 3-6 kbar, thus attesting to the 
possibility of tourmaline breakdown at sub-solidus temperatures. Within Zone 2a 
metapelite, detrital tourmaline immediately below the solidus appears to have a 
decayed appearance (Fig. 3.ld). Furthermore, small crystals of fresh sub-
idioblastic tourmaline occur inside the leucosome surrounding andalusite, 
indicating that a boron-bearing mineral was crystallised from the melt. 
Vapour absent melting reactions 
Optically continuous andalusite and prismatic sillimanite in sub-zone 2c is 
interpreted to indicate coaxial replacement of andalusite by sillimanite (Vernon, 
1987) in the reaction: 
(4) And-> Sil 
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Pseudomorphs of sillimanite commonly retain the prismatic shape and 
square (001) faces of the andalusite (Fig. 3.7b, 3.9d). 
It is inferred that once the andalusite to sillimanite transition in Zone 2c 
was passed conditions became rapidly anhydrous, as free water would have 
increasingly been partitioned into the melt. It is also inferred that with increasing 
temperature the newly formed sillimanite broke down in the presence of biotite. 
This reaction resulted in a moat of symplectic cordierite and spinel with 
interstitial K-feldspar between the sillimanite and cordierite, producing the 
reaction texture that is common throughout zones 3-4 (Fig. 3.7b, 3.9d). Two 
samples from Zone 4 preserve andalusite pseudomorphed by sillimanite, which in 
turn is mantled by spinel + cordierite symplectite (Fig. 3.4t). The following 
univariant reaction is interpreted for these textures: 
(5) 1.4 Bt + 1.4 Sil + 4.8 Qtz -> 0.3 Spl + 2.0 Crd + 1.0 melt (Kfs-Qtz) 
Spinel is usually fine grained and symplectic which may be a result of this 
reaction having been arrested by exhaustion of either quartz or biotite. The 
availability of these reactants would determine which Fe-Mg minerals were 
produced. In biotite absent assemblages coronas of cordierite on sillimanite 
porphyroblasts in zones 3 and 4 without the presence of spinel in the corona us 
evidence of the following generalised reaction: 
(6) Bt + Sil + Qtz -> Crd +melt (Kfs-Qtz) 
Porphyroblastic garnet in Zone 4 metapelite is contained within discrete 
leucosome which surrounds the garnet in a similar style to Zone 2b leucosome 
moats around andalusite (Fig. 3.9b). These garnets are mostly idioblastic with 
crystal faces against interstitial quartz, K-feldspar and plagioclase (Fig. 3.9c). 
They are commonly seen to pseudomorph cordierite and biotite, clearly replacing 
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biotite in contact with cordierite, often mimicking the crystal shapes of these 
reactants (Fig. 3.7a). Where cordierite is present adjacent to peritectic garnet it is 
corroded and embayed, which is consistent with partial consumption of the 
cordierite. This is possible when the whole rock Fe composition is greater then the 
XFe of the biotite (Thompson, 1982), allowing peritectic garnet to be produced 
with the melt in this divariant reaction: 
(7) 1.2 Bt + 0.5 Crd + 5.8 Qtz -> 1.4 Grt + 0.6 Kfs+ 1.0 melt (Kfs -Qtz-Pl) 
Given the bulk-composition of the metapelite (Fig. 5.2) and peak 
metamorphic temperatures in-excess of 750°C (Fig. 5.1), sillimanite would be a 
potential reactant in garnet formation, in a reaction such as Bt + Sil + Qtz -> Crd 
+ Grt + Kfs+ melt (Table 5.1), which is inferred for many rnigmatite-bearing 
terranes (eg. Waters, 1988; Powell & Downes, 1990; Watt & Harley, 1993). 
However where garnet is present in the metapelite, the assemblage is 
aluminosilicate absent. No prior evidence of sillimanite such as pseudomorphs 
and/or inclusions of sillimanite in garnet are found in these textures. From 
experimental evidence, it is likely that pressures were too low for this 4+ kbar 
reaction (Watt and Harley, 1993; Grant, 1985; Pattison and Tracy, 1991). 
Evidence is found in two rare cases where reaction (7) has gone to 
completion, with sillimanite completely consumed leaving a restitic patch of Spl-
Crd symplectite. Subidioblastic garnet growth is observed in the centre of these 
patches, suggesting a reaction represented by the univariant equilibrium: 
(8) Bt + Spl + Qtz -> Grt + Crd + Kfs +melt 
It is more likely that the textures were a result of a variety of divariant 
reactions related to reaction (8) but dependant on local bulk-composition, as 
discussed below. 
Figure 5.2 Ah03-FeO-MgO diagram, projected from quartz, K-feldspar and melt 
(after Thompson, 1957) illustrating the composition of representative mineral 
assemblages (numbered) and bulk rock compositions (open dots; recalculated to 
modal proportions and projected from K-feldspar and quartz) of bedded 
rnigmatite samples for zones 2 to 4 at Mt Stafford. Paired bulk rock analyses with 
a single number represent adjacent metapelite and metapsamrnite portions of 
bedded migmatite. Shaded portions of the AFM diagrams represent the three 
phase fields inferred for the three zones. The dotted line at XFe -0.62 indicates 
the Fe/Mg ratio inferred to be representative of the bedded rnigmatite and used in 
the construction of Fig. 5.6. 
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Generally, garnet porphyroblasts are rare in metapelite layers, but 
common in the adjacent metapsammitic layers, and within Zone 4 melanosome. 
This reflects a lower bulk-rock Al composition in the metapsamrnite layers as 
discussed below, also garnet growth within melanosome would have benefited 
from the availability of Fe-Mg phases. 
Primary sedimentary features such as cross bedding and ripple laminations 
are preserved in the metapsarnrnite even at the highest grade whereas adjacent 
metapelite is extensively melted. This is consistent with the metapsarnrnite having 
remained for the most part unmelted, which exemplifies the strong compositional 
control on melting at Mt Stafford. It also sheds light on the formation of the 
melanosome, which would appear to have formed more as a result of a diffusional 
gradient between the adjacent metapsarnmite and metapelite layers rather than 
between leucosome and mesosome (within the metapelite) , which is where 
melanosome more commonly appears (Mehnert, 1968; Johannes & Gupta, 1982). 
Within the metapelite of Mt Stafford migmatites there are no selvages between 
leucosome and mesosome. 
In orthopyroxene-bearing migmatite , idioblastic crystal-faces of 
orthopyroxene against interstitial quartz and rutile exsolution lamellae along 
cleavage boundaries suggests it too was produced by a melt forming reaction. 
Rounded inclusions of garnet within orthopyroxene indicate the relatively late 
timing of orthopyroxene growth in the reaction sequence, and also the possibility 
of garnet as a reactant in its formation. Evidence of back-reaction to garnet, 
biotite and quartz and close association with idioblastic cordierite suggests the 
generalised univariant reaction: 
(9) Grt + Bt + Qtz -> Opx + Crd + Kfs +melt (Qtz rich) 
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5.5 Retrograde Reactions 
There is abundant textural evidence of reactions that occurred after MJ a· 
Most of these are inferred from fine-grained, randomly orientated and/or 
symplectic minerals replacing peak assemblages and are inferred to have occurred 
during cooling from M1a (Vernon et al., 1990). The most common are andalusite-
biotite-quartz symplectites replacing cordierite and to a lesser extent K-feldspar, 
in the generalised reaction (Vernon, 1978): 
(10) Crd + Kfs +red-brown Bt + H20 ->green-brown Bt +And+ Qtz 
These symplectites are most commonly found in leucosome between Zone 
2b and Zone 5, and it is possible that the reaction was made possible by H20 
released upon crystallization of the semi-molten metapelite. 
Fine-grained staurolite-biotite-quartz assemblages mantle cordierite, while 
gedrite exists as coronas on biotite throughout Zone 5 and at one locality in Zone 
3. There are two rock-types in which these textures occur: metapsammite and 
hybrid diatexite, in each occurrence K-feldspar is absent from the assemblage 
although plagioclase is not uncommon. On the basis that staurolite, gedrite and 
symplectic andalusite lack a directional fabric, it is unlikely for these minerals to 
have formed during D2-M2. It is more likely that they grew during cooling from 
peak M1a conditions. Supporting this is evidence of M2 fibrolitic sillimanite 
overprinting andalusite-biotite-quartz symplectite near the eastern granite margin. 
Retrograde shear zones contain muscovite-quartz assemblages. However 
garnet-sillimanite-biotite assemblages with minor tourmaline are found in lower 
strain shear zones and S2 axial planes (Vernon et al. 1990) which replace peak 
metamorphic textures within Zone 4. This evidence suggests their formation 
during D2-M2, which pervasively effect rocks further east in the Anmatjira Range 
(Clarke et al., 1990). 
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5.6 How consistent is the reaction sequence? 
An important question in this study is whether rocks at the highest grade 
experienced the same series of reactions interpreted at lower grade, i.e. does it 
represent a continuous reaction sequence? Although the cause of metamorphism 
is unknown, the high T I low P metamorphism and rapid change in grade suggests 
an localised, advective heat source (Vernon et al., 1990). Lower grade rocks are 
interpreted to be at slightly lower pressure at peak metamorphism than those at 
highest grade, although in most other aspects the metamorphic conditions across 
the terrane are consistent. The bulk-rock composition of the metapelite from low 
to high grade is very similar, and most of the melt appears to have crystallised in-
situ (Greenfield et al., 1996). 
Given that the main reactions are temperature dependant, with steep slopes 
in P-T space (Section 5.10), the slight difference in pressure between low- and 
high-grade is unlikely to have an influence on the main reaction sequence with 
increasing temperature. Textural evidence from the Zone 4 sample shown in Fig. 
3.6c indicates that at least Zone 2a-b andalusite formation (reaction (1) or (3)) 
preceded Zone 2c sillimanite growth (reaction (4)), which in tum preceded Zone 3 
spinel-cordierite coronas (reaction (5)). Whether the andalusite in this example 
was derived from the sub-solidus reaction (1) or the melting reaction (3) is 
unknown. However, magmatic andalusite from Zone 2b is inclusion free and the 
surrounding leucosome is biotite poor. Andalusite metastably persists in rare 
alumina-rich Zone 4 rocks (Fig. 3.6c), where it is enclosed by sillimanite that is in 
turn enclosed by spinel-cordierite symplectites formed as a consequence of 
reaction (5). Elsewhere in Zones 3 and 4, common symplectites of spinel and 
cordierite in the cores of otherwise inclusion-poor cordierite grains are consistent 
with the complete destabilization of aluminosilicate in bulk rock compositions 
lying below the spinel-cordierite tie-line. Thus, Zone 4 rocks with appropriate 
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bulk-rock compositions most probably witnessed reactions identical to those 
inferred to control the Zone 2b/2c and Zone 2c/3 transitions. However, the clear 
preservation of textures inferred to be related to reaction (5) most probably 
reflects the limited modal changes that post-dated reaction (5). 
Textural relationships involving cordierite breakdown in garnet bearing 
assemblages suggest that its formation post-dated cordierite growth, while it is 
inferred from KFMASH modelling (discussed below) that porphyroblastic garnet 
growth, at least in the metapelite, occurred after aluminosilicate formation. This is 
supported by the restriction of large porphyroblastic garnet to the highest grade 
rocks. Inclusions of garnet in orthopyroxene indicate its post-garnet formation, as 
would be expected for a prograde reaction sequence (Grant & Frost, 1990). 
Thus there are two slightly differing reaction sequences proposed for the 
highest grade metapelite rocks at Mt Stafford, one involving reaction (3) and one 
without, but both are possible within the terrane. The flow chart shown in Fig. 5.3 
summarises these models which emphasise the importance of boron in 
determining a continuous reaction sequence. 
5. 7 Mineral Chemistry 
Analyses were carried out on Cameca SX-50 electron microprobe, operating with 
an accelerating voltage of 15kV, a beam current of 20 nA and PAP data reduction 
techniques supplied by the manufacturer. The SX-50 is housed at the Electron 
Microscopy Unit at the University of New South Wales. Representative mineral 
compositions for low and high-grade pelitic assemblages are given in Appendix 3, 
a summary of XFe variation with grade is shown in Fig. 5.4. 
Figure 5.3 A schematic flow-chart of metapelite microtextural evolution in the 
terrane from Zone 2a to Zone 4 (not to scale). The chart shows two models to 
explain textures found in high-grade rocks: one (left-side) involving the presence 
of boron via the breakdown of tourmaline at low-grade, the other (right-side) 
without the influence of boron in the system. The end-result is very similar 
textures found in high-grade metapelite from Zone 4. The cartoons are not drawn 
to scale, and garnet and aluminosilicate porphyroblasts are not found in contact 
together, although they may be in the same thin section . Note also that only 
melting reactions are shown, and sub-solidus development of andalusite (reaction 
[1]) and garnet are not shown. 
Key: Qtz + Kfs + Crd ± Tur 
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Figure 5.4 Chart showing variation in XFe for mineral assemblages across the 
terrane. Individual samples are plotted along the X-axis, in order of increasing 
grade but not relative to distance from the northern granite, as in Fig. 4. 
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Compositional features 
Generally, most minerals, especially within leucosome, are 
compositionally homogenous. Compositional zoning and low grossular values in 
garnet may be a result of rapid growth from a melting reaction, and this may 
explain the overall homogeneity of the leucosome mineral compositions. Fig. 5.4 
shows that whereas XFe[Bt] and XFe[Crd] core compositions decrease slightly 
from Zone 2 to Zone 4, XFe[Spl] and Xpe[Grt] are consistent, and show no 
obvious variation with grade. XFe[Spl] > XFe[Grt] in all assemblages, and XFe[Bt] 
is approximately 0.10 units greater than XFe[Crd] within each assemblage. 
Zone 1 Xpe[Bt] is homogeneous ( -0.60), and being the dominant fernie 
mineral in metapelite, it is very similar to whole-rock X F c values. The 
introduction of cordierite in Zone 2 may be responsible for the increase in 
XFe[Bt], which averages 0.67 for Zone 2. Whole-rock XFevalues in zones 2-3 fall 
between XFe[Bt] and XFe[Crd] , which are the major fernie minerals in these 
zones. By contrast, in Zone 4, whole rock XFe values are slightly greater than 
lower grade ( -0. 73), and fall in between biotite, cordierite and the fernie minerals 
spinel, garnet and orthopyroxene ( -0.67). Zone 4 assemblages have some of the 
lowest XFe values and it is from these samples that the highest temperature 
estimates were obtained from thermometry (Table 5.2). Zone 5 assemblages are 
complicated by mixture of in-situ and injected melt (Greenfield et al. , 1996), 
which may account for the chaotic XFe values (Fig. 5.4). 
Boron has been detected in small amounts within major minerals m 
migmatite from two samples, one from Zone 3 and Zone 4. Boron m 
aluminosilicate is ~1.13 wt. %, K-feldspar ~0.50 wt. %, biotite ~0.99 wt.% and 
~0.67 wt.% in cordierite. Minerals within Zone 2b leucosome were not found to 
contain boron, it is assumed that tourmaline (e.g. Fig. 3.5c) took up most of the 
available boron from the melt. 
Table 5.2 Summary of the thermobarometric results from 28 representative 
metapelite and metapsammite analyses from across the terrane. 
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Zone Sample Distance (km) Assemblage P (kbar) Method T (°C) Method 
1 GC6 8.2 Bt-Ms 495(53) 3 
1106 6.8 Bt-Ms 515(53) 3 
1109 6 Bt-Ms 632(31) 3 
1140 5.8 Bt-Ms 574(31) 3 
1141 5.3 Bt-Ms 637(35) 3 
2 1112 4.7 Bt-Crd-Grt 2.7(1.5) 651(50) 4 
2.7(1.5) 2 646 5 
2.4(0.8) 3 746(58) 3 
141 4.3 Bt-Crd 638(30) 3 
2064 4.8 Bt-Crd-Grt 2.8(1.5) 608(50) 4 
2.9(1.5) 2 640 5 
3.2(0.7) 3 654(54) 3 
93154 4.1 Opx-Cpx-PI 626 6 
3 93316 4 Grt-Crd·Bt 3.5(1.5) 612(50) 4 
2.6(1.5) 2 611(11) 3 
200 3.9 Grt-Crd·BI 2.2(1.5) 634(50) 4 
2.5(1.5) 2 714 5 
3.2(0.8) 3 756(60) 3 
DC98 2.8 Crd-Bt-PI 727(58) 3 
4 93210 2.7 Grt-Crd-Bt-Spl 3.3(1.5) 1 747(50) 4 
3.7(1 .5) 2 695(48) 3 
3.8(0.5) 3 
216A 2.4 Grt-Crd-Bt-PI 4.3(1.5) 1 743(50) 4 
4.7(1 .5) 2 765(71) 3 
4(1 .0) 3 
9311901 2.3 Grt-Crd-Bt 4.2(1 .5) 1 812(50) 4 
4.3(1 .5) 2 779 5 
HW47 1.5 Grt-Crd-Bt 4.4(1 .5) 1 803(50) 4 
4.5(1.5) 2 
91GC15 0.6 Grt-Opx-Crd-Bt 4.7(1.5) 798(50) 4 
4.7(1.5) 2 821(45) 3 
3.2(0.6) 3 
92GC14-2 2 Grt·Crd-Bt 4.4(1.5) 1 773(50) 4 
4.2(1.5) 2 724 5 
93101 0.5 Grt-Crd-Bt-PI 5.1(1.5) 1 673(50) 4 
4.1(1 .5) 2 724 5 
3.9(0.6) 3 818(47) 3 
9213-b1 1.9 Grt-Bt 769 5 
9310 0.1 Grt-Crd-Bt 4.7(1.5) 768(50) 4 
3.8(1.5) 2 
9347 Grt-Opx-Crd-Bt 4.7(1.5) 1 794(50) 4 
4.5(1.5) 2 795(44) 3 
3.2(0.6) 3 
763 7 
11901 1.5 Grt-Opx-Crd-Bt 2.2 (0.5) 3 870(90) 3 
826 7 
HW31 0.9 Opx-Cpx-PI 751 6 
5 MB119 0.9 Grt-Crd-Bt 4.8(1.5) 738(50) 4 
4.3(1.5) 2 747 5 
2.6(0.9) 3 791(68) 3 
2073 2.6 Grt-Crd-Bt 3 .5(1.5) 1 691(50) 4 
3.4(1.5) 2 646 5 
MB7 1.2 Bt-Crd-Grt-PI 4.6(1 .5) 682(50) 4 
3.6(1 .5) 2 737(63) 3 
2.3(0.9) 3 
MB198 1.3 Grt-Crd-Bt 5.2(1.5) 621 (50) 4 
3.6(1.5) 2 727(47) 3 
4.9(0.6) 3 
93311 1.5 Grt-Crd-PI 4.8(1 .5) 730(50) 4 
4.2(1.5) 2 776(77) 3 
HW43 0.7 Opx-Cpx-PI 785 6 
1: Nichols et al. (1992) FAS; 2: Nichols et al. (1992) MAS; 3: Powell & Holland (1988); 4: Nichols et al. (1992); 
5: Ferry & Spear (1978); 6: Fonarev & Graphchikov (1983); 7: Harley (1984) 
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Mineral compositions 
XFe in almandine-rich garnet ranges from 0.84 to 0.90. Ca and Mn are 
minor components, with the mole fraction of grossular and spessartine less than 
0.0 1. Gamet is typically unzoned, with variation of XFe in individual grains being 
commonly less than 0.02. 
Cordierite has XFe = 0.41 -0.57. Subsolidus cordierite has subtle fernie 
zoning involving Mg-rich cores (XFe = 0.53-0.56) and Pe-rich rims (XFe = 0.62-
0.70). Cordierite grains in leucosome are homogenous, and there is no discernible 
difference between cordierite grains in adjacent metapelite and metapsammite 
layers. The volatile content of cordierite, determined by secondary-ion mass 
spectrometry (Carrington & Harley, 1996), from Zone 4 in-situ rnigmatite is 
different to that of cordierite from Zone 5 hybrid diatexite. Zone 4 cordierite 
contains 0.48-0.50 moles of total volatiles per formula unit, consisting of -0.23 
Xco2 (0.74-0.80 wt.%) and -0.77 XH-20 (1.1 wt. %). Cordierite from four hybrid 
diatexite samples contains 0.28-0.31 moles of total volatiles per formula unit 
(pfu), consisting almost entirely of H20 (S.L. Harley, unpublished data). 
Mta biotite in the migmatites ranges from XFe = 0.49 to 0.75, and there 
may be considerable variation (±0.12) within individual samples. There is a 
general decrease in X Fe in biotite moving from Zone 2 to Zone 3 (Fig. 5.4). 
Biotite grains in andalusite-biotite-quartz symplectites that pseudomorph 
cordierite in leucosome have XFe -0.55. The Ti~/(Ti02 + Ah03) ratio of biotite 
varies between 0.05 and 0.13. Only two of the analysed biotite grains have 
detectable fluorine; these samples have approximately 0.5 wt.% F. 
Orthopyroxene has XFe= 0.69 - 0.74. Some grains show subtle zoning 
with a rimward decrease in XFe involving a change of up to 0.06. Ah03 contents 
range from 2.76 to 3.02 wt. %. Hercynitic spinel has XFe = 0.91-0.95, and is 
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always more Fe-rich than co-existing garnet. It may contain up to 0.141 moles of 
zinc p.f.u. (4 oxygens) but commonly has negligible Cr203. An exception to this 
generalization involves the brown-coloured spinel associated with grandidierite, 
which can contain up to 0.02 moles p.f.u. of chromium (Appendix 3). Spinel may 
also contain up to 0.02 moles p.f.u. of titanium. 
The opaque minerals are ilmenite, which has ilmenite end member 
between 0.96 and 1.00, and magnetite, which is pure. Aluminosilicate has 
negligible Mn203 but may contain approximately 0.08 moles p.f.u. of iron. 
which is concentrated in the cores of large grains. 
Rare plagioclase has a broad range in An = 100 Cai(Ca+Na+K) values 
from An2s to An66 for zones 2-4, but plagioclase in individual samples is uniform 
in composition. Large plagioclase grains in Zone 5 hybrid diatexite show strong 
normal zoning from An9g to Ans7 (core to rim) and have higher anorthite values 
than plagioclase from zones 2 to 4. Orthoclase has Or = 100 K/(Ca+Na+K) 
values between Or7o to Or91 with no apparent systematic variation. 
Grandidierite has a tight XFe range between 0.59 and 0.60. Boron 
contents are consistently -0.35 moles p.f.u. (9 oxygens; Appendix 3). 
Tourmaline grains are not zoned but may vary in composition between samples: 
detrital tourmaline has XFe -0.66, tourmaline in leucosome has XFe -0.54, and 
tourmaline within retrograde shear zones has XFe -0.46. Boron contents in 
analysed tourmalines vary from 8.60 to 10.40 wt.%. 
5.8 Thermobarometry 
Quantitative temperature and pressure estimates have been obtained using 
THERMOCALC (v2.4, Powell & Holland, 1988), with the expanded internally 
consistent dataset of Holland & Powell (1990, updated 1994). The garnet-
cordierite-quartz-sillimanite thermometer and barometer of Nichols et al. ( 1992), 
the garnet-biotite thermometer of Ferry & Spear (1978), the garnet-orthopyroxene 
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thermometer of Harley ( 1984) and the orthopyroxene-clinopyroxene thermometer 
of Fonarev & Graphchikov (1983) were also used to estimate P-T conditions. 
Results are shown in Table 5.2 for 28 representative samples from lowest to 
highest grade. Generally there is good agreement between the results obtained 
from THERMOCALC and those obtained from the gamet-cordierite barometer of 
Nichols et al. (1992). As the exsolution of magnetite from spinel has resulted in 
uncertainty on the true composition of Mt spinel, spinel-bearing assemblages 
were not used for thermobarometry. Mineral assemblages used in the calculations 
for rocks in zones 1 to 2c were assumed to be water present. In and above Zone 
2c, the mineral assemblages are assumed to have become fluid absent, with water 
partitioned into melt and peritectic cordierite. Based on measured volatile 
contents in cordierite (S.L.Harley, unpublished data), a mix of 0.25 (Xco2) and 
0.75 (XH20) was used in calculations for cordierite in zones 3-4, and 0.0 (Xc02) 
and 0.3 (XH20) for cordierite in hybrid diatexite. Effects of variation in volatile 
content are shown on Table 5.3. THERMOCALC output from representative 
average PT calculations for zones 3-4 mineral assemblages are shown on Table 
5.3 (see also Vernon et al., 1990). 
FeMg- 1 exchange thermometers gave less consistent results than 
THERMOCALC, and tended to underestimate temperature conditions for the 
assemblages observed in zones 3-5 when these assemblages are compared with 
the results of experimental work and inferred reactions (e.g. Grant, 1985; Yielzeuf 
& Holloway, 1988). The lowest temperature estimate was 495±106°C (2a errors 
cited) obtained from a Zone 1 schist (GC6, Table 5.2) using the assemblage 
biotite-muscovite-quartz, assuming a pressure of 2.0 kbar and aH2o = l. No 
pressure estimates were possible for any Zone 1 assemblages, and only garnet-
bearing assemblages gave reliable pressure estimates in the other zones. The Zone 
3 sample 93200 gave an average P-T result of 3.2±1.6 kbar (2a error) and 
756±120°C based on the assemblage garnet-biotite-cordierite-K-feldspar-quartz 
(Table 5.3). The highest grade conditions were obtained from the Zone 
Table 5.3 Representative THERMOCALC (PoweJI & Holland, 1988) results for 
assemblages from zones 1 - 4. 
Average temperature calculations for nmple 1106, Bt-Ms-Qtz-Kfsschlst (Zone 1) 
phi east naph mu pa eel ksp q 
Activities (a) 0.0242 0.0387 0,0029 0.731 0.27S 0.0284 1.00 1.00 
o(lna) 0.4277 0.3941 3.4247 0.100 0.157 0.4147 0 0 
Independent reactions for P = 3 kbar and BH20 = 1.0 
1) 2phl + 3mu = 3east + 2ksp + 3q + 2H20 
2) mu + 2cel "' east + 2ksp + 3q + 2H20 
3) east + naph + eel c 2phl + pa 
Average temperatures (for aH20 = 1.0) 
P (kbar) 2.0 2.5 3.0 
avT 515 534 553 
0 53 55 56 
o1it 0.7 o.s o.s 
3.5 
572 
58 
0.5 
4.0 
591 
59 
0.5 
T(P) 
595 
540 
546 
o(l) 
82 
47 
7780 
8 
134.72 
90.69 
-28.35 
Average temperature calculations for nmple141, Bt·And-Qtz-Kfii±Maschlst (Zone 2) 
mu phi east ksp q and H,O 
Activities(&) 0.791 0.0212 0.0344 0.925 1.00 1.00 1.00 
o (lna) 0.100 0.4721 0.3981 0.150 0 0 0 
Independent reactions for P = 3 kbar and aH20 E 1.0 T(P) o(l) 8 
1) mu + q = ksp + and + H20 S74 30 57.17 
2) 3mu + 2phl = 3east + 2ksp + 3q + 2H20 591 92 130.47 
Average temperatures (for BH2Q = 1.0) 
P(kbar) 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
avT 620 638 sss S71 687 703 719 
0 29 30 31 32 32 33 33 
ofrt 1.0 1.1 1.1 1.1 1.0 1.0 1.0 
o(a) 
8.01 
4.23 
3.28 
o(a) 
1.54 
8.01 
H,O 
1.00 
0 
b c 
-0.1S330 5.640 
-0.1S723 5.647 
0.00337 .0.368 
b c 
-0.06974 2.173 
-O.t5847 5.S10 
Average pre81ur•temperature calculation• for nmple 93200, Bt.Crd-Grt-Qtz-Kfs granofels (Zone 3) 
phi ann east crd fcrd py aim q ksp 
Activities (a) 0.0164 0.102 0.0259 0.269 0.222 0.00180 0.584 1.00 1.00 
o(lna) 0.4561 0.255 0.422S 0.1S1 0.181 O.S9436 0.150 0 0 
Independent reactions for T • BOO' C P(l) o(P) a o(a) b c 
1) east+ py + 3q = phi+ crd 2.9 1.66 -29.35 2.55 .0.02371 5.089 
2) phi + aim = ann + py 1.5 21 .85 45.57 0.60 .0.01219 0.344 
3) 2ann + 3east + 3py + 9q = 5phl + 3fcrd 3.S 1.94 -88.73 7.63 .0.04439 15.496 
4) 12east + 6alm + 39q = 8phl + 9fcrd + 4ksp + 4H20 3.5 1.23 365.52 30.5S .0.53306 51.57S 
Effect of vanation 1n volatile content of cordiente aco, aH,O T 0 p 0 
(based on average P-T calculations) 0.0 0.2 613 44 1.7 0.7 
0.1 0.4 681 51 2.4 0.8 
0.25 0.75 756 60 3.2 0.8 
0.5 0.5 707 55 2.8 0.8 
Average P-T 
T = 7560C, o • 60, 
P = 3.2 kbars, o = 0.8, cor = .0.128, ofit = 0.62 
Average pre81ure-temperature calculation• for sample 91151 Bt.Crd-Grt-Opx-Qtz-Kfa granofels (Zone 4) 
InK 
-1 .378 
4.182 
3.922 
InK 
0.157 
-1 .853 
InK 
4.552 
-3.952 
9.429 
O.S91 
phi ann east crd fcrd py aim en Is mgts q ksp 
Actlvlties(a) 0.0158 0.0994 0.0188 0.244 0.248 0.00417 0.525 0.0911 0.413 0.0223 1.00 1.00 
o(lna) 0.4587 0.2593 0.4468 0.171 0.170 O.S3365 0.150 0.2723 0.150 0.4492 0 0 
Independent reactions forT • 800°C P(l) o!Pl a o(a) b c InK 
1) east + py + 3q = phi + crd 4.1 1.69 -28.88 2.55 .0.02411 5.065 3.896 
2) 6east + 21q = 2phl + 3crd + 4ksp + 4H20 2.9 1.70 2S7.31 1S.24 .0.39401 17.929 11 .320 
3) 2ann + 2fcrd + Is • 4alm + 2ksp + 2H20 2.4 0.79 72.70 3.63 .0.08839 -10.859 5.717 
4) 3east + 6fs = 2phl + ann + 3alm 4.S 4.45 -26.53 7.98 0.00393 -4.2S5 4.S92 
5) east + aim + 3q = ann + crd 2 .4 1.05 1S.28 2.62 5.417 0.901 
0.03594 
S) 2ann + Spy + 9q = 2phl + 3fcrd + Sen 3.5 2.07 -12S.79 1.97 18.556 10.S39 
0.03098 
7) east+ 3fs + mgts "' phi + 2alm 2.1 3.37 -49.68 2.86 0.01000 -2.661 4.996 
Effect of variation in volatile content of cordierlte aCO, a H20 T 0 p 0 
(based on average P-T calculations) 0.0 0.2 669 54 2.2 0.8 
0.1 0.4 742 47 2.7 o.s 
0.25 0.75 821 45 3.2 o.s 
0.5 0.5 770 44 2.9 o.s 
Average P-T 
T • 821 °C, o = 45, 
P = 3.2 kbars, o = O.S, cor= 0.425, o1it = 0.86 
a{ InK) 
1.490 
0.924 
3.579 
o(lnK) 
0.180 
1.580 
o(lnK) 
0.946 
0.882 
3.421 
S.51 9 
o(lnK) 
0.917 
2.880 
0.87S 
1.928 
0.565 
4.300 
0.951 
Mmeral abbreviations used in tables: mu- muscovite; eel- celadonite; pa- paragonite; phi- phlogopite; ann- annite; east- eastonite; 
naph- Na-phiogopite; eb- eqUIIibnum albite; ksp- eqUIIIbnum K-feldspar; en- enstatite; Is- ferrosllite; py- pyrope; aim- almandine; crd- cordierite; 
fcrd- Fe-cordierlta; and- andaluslte; sill- sillimanite; sp- spinel; q- a-quartz. 
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4 assemblage garnet-cordierite-orthopyroxene-biotite-K-feldspar: average PT 
calculations made using mineral analyses from sample 9115 returned T= 
821±90°C and P=3.2±1.2 kbar (Table 5.3), whereas average P and average T 
calculations made using sample 1190f returned P=2.2±0.9 kbar for T=800°C and 
T=870±180°C for aH2o=0.3. Garnet-orthopyroxene thermometry returned 
temperature estimates between 759°C (9115) and 826°C (1190f), though some 
samples indicate resetting and give T=400-500°C. Pressure estimates of 
approximately 3 kbar were obtained using the method of Nichols et al. (1992) for 
the mineral assemblages from zones 2 and 3 (Table 5.2). The complex field 
setting for Zone 5 rocks is reflected in the results of thermobarometry: pressure 
estimates made from different methods are less consistent than in the other zones 
and there are larger errors on the THERMOCALC results (Table 5.2). Pressure 
estimates made using the FAS and MAS systems of the Nichols et al. (1992) 
barometer vary by up to 1.6 kbar in this zone, consistent with the assemblages 
used having been either reset and/or in disequilibrium. Nonetheless, the results are 
similar, if somewhat less well constrained than those of the Zone 4 assemblages. 
5.9 Compositional variation within AFM 
The variations in mineral assemblage with increasing metamorphic grade 
can be represented on AFM diagrams (after Thompson, 1957), projected from 
quartz, K-feldspar and melt (after Clarke et al., 1989). Figure 5.2 illustrates the 
position of major ferromagnesian phases for representative samples from Zone 2, 
and the position of the bulk rock geochemistry (recalculated to molecular 
proportions and projected from K-feldspar and quartz) for representative samples 
of bedded migmatite. Paired samples represent adjacent metapelite and 
metapsammite portions of bedded migmatite, metapelite layers being richer in 
Ai203 (Fig. 5.2). The variation in XFe of Zone 2 biotite may reflect post-peak re-
equilibration, but in general Zone 2 biotite is richer in Fe than Zone 3 and 4 
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biotite. Most samples of the bedded migmatite have a remarkably uniform Fe/Mg 
ratio near X Fe= 0.63 (unconstrained for ferric: ferrous ratio) but show a spread in 
projected alumina content with XAt = (Al-K)/((Al-K)+Fe+Mg) = 55 - 75 (Fig. 
5.2). This spread mostly reflects subtle variations in potassium content that 
control the projected position of the bulk rock analyses; the spread is similar for 
samples of bedded migmatite from throughout the terrane, and there is no 
significant variation in bulk rock geochemistry of metapelite layers with grade 
(Greenfield et al., 1996). The Zone 2 three phase field andalusite-biotite-
cordierite is constructed using the composition of biotite inclusions to andalusite 
(sample 1117a), as biotite grains in the matrix of zone 2b and 2c samples were 
most probably significantly affected by retrogression or recrystallization during 
the post-1820 Ma M2 event. The projected position of all samples of bedded 
migmatite is then consistent with the peak assemblage inferred above. It is 
inferred that conditions that accompanied the formation of the Zone 2c 
assemblages did not involve free water, as there is a significant reduction in the 
proportion of biotite in Zone 2c bedded migmatite relative to that in Zone 2b. 
Available water would have been increasingly partitioned into melt. 
The change to conditions appropriate for Zone 3 assemblages reflects, in 
the AFM diagram, the breakdown of the aluminosilicate-biotite tie-line and the 
establishment of the spinel-cordierite tie-line (Fig. 5.2). This would have induced 
a significant change in mineralogy for the bulk rock compositional range of the 
bedded migmatite, which lay in one Zone 2 three phase field, but is partitioned 
into two Zone 3 fields: aluminosilicate-absent and aluminosilicate-present. In the 
prograde transition from conditions appropriate for those in Zone 2c to those 
appropriate for Zone 3 (reaction (5)), samples of bedded migmatite with bulk rock 
geochemistry lying above the spinel-cordierite tie-line would have witnessed the 
destabilization of biotite and a significant reduction in the modal proportion of 
aluminosilicate, creating the commonplace texture involving moats of spinel-
cordierite around sillimanite that pseudomorphed andalusite. Aluminosilicate in 
103 
samples with a bulk rock geochemistry lying below the spinel-cordierite tie-line 
(samples DC150, DC229, Fig. 5.2) would have been completely consumed by 
spinel-cordierite symplectites. The AFM projection does not give any indication 
of the proportion of melt generated through any reaction, but field evidence is 
consistent with the reduction in modal biotite and alurninosilicate via reaction ( 4) 
having enabled the generation of abundant melt. 
The paucity of garnet in bedded rnigmatite from the lower grade portion of 
Zone 3 is consistent with a spinel-biotite tie-line having been stable at conditions 
immediately after the crossing of reaction (5). However, garnet partially replaces 
spinel in the spinel-cordierite symplectites in the high-grade portion of Zone 3. In 
addition, garnet partially pseudomorphs biotite, and skeletal biotite grains 
preserve evidence for the partial replacement of biotite by K-feldspar and quartz 
with or without garnet. Such observations are consistent with the destabilization 
of the spinel-biotite tie-line and the establishment of the garnet-cordierite tie-line 
in the high-grade section of Zone 3, via reaction (8). 
For the range of bulk rock compositions shown by the bedded migmatite, 
such a change would not have produced any significant proportion of melt, as the 
proportion of biotite in most samples would have been small (Fig. 5.2). 
The change in conditions that accompanied the shift to Zone 4 (reaction 
(9)) resulted in the destabilization of the garnet-biotite tie-line and the 
establishment of the orthopyroxene-cordierite tie-line in the AFM projection (Fig. 
5.2). Only a few alumina-poor metapsammite layers in bedded migmatite having 
compositions appropriate to witness this change (Fig. 5.2), which would have 
resulted in only small proportions of melt. Biotite persists in small proportions in 
most gamet-orthopyroxene-cordierite-bearing Zone 4 samples, most probably due 
to the influence of Ti02 and/or Fe203 content in stabilizing biotite in addition to 
the three minerals predicted by the model KFMASH system (after Clarke et al. , 
1989). 
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5.10 Derivation of a petrogenetic grid and pseudosection 
The partial P-T grid shown in Fig. 5.5 is representative of the possible 
univariant reactions seen by high-grade metapelite and metapsamrnite within the 
system K20-FeO-MgO-Al203-Si02-H20 (KFMASH). K-feldspar, quartz and 
melt are assumed to be present in all assemblages. 
A subsolidus, vapour-absent phase diagram was calculated using 
THERMOCALC to determine the relative positions of the invariant points [Opx], 
[Spl], and [Bt] and general slopes of the univariant reactions . This was compared 
for consistency with the published melt-present grids of Grant (1985), Hensen 
(1986), Vernon et al. (1990) and Fitzsimons (1996). The main difference to the 
chemography of the diagram with melt-present equilibria is a steepening of the 
reaction curves due to the reduction in aH20, displacing the invariant points to 
slightly lower temperatures (Xu et al., 1994). The topology of the calculated grid 
is in close agreement with the published grids mentioned above, and represents a 
good approximation of the possible phase-equilibria for high-grade 
metasedimentary rocks at Mt Stafford. K-feldspar, quartz and melt, shown in 
italics, are included as products or reactants on individual univariant reactions, on 
the basis of reaction balancing for mineral compositions appropriate to the Mt 
Stafford rocks. 
The interpreted prograde reaction sequence passes below the [Opx] 
invariant, as would be expected for the low- pressure conditions (3-4 kbar) that 
accompanied metamorphism (Sttiwe & Powell, 1989; Grant & Frost, 1990; Clarke 
& Powell, 1991; Fitzsimons, 1996). The abundant textural evidence that reaction 
( 4) was significant in melt production in the transition to conditions appropriate to 
those that formed Zone 3 assemblages reflects the major reduction in modal 
biotite and aluminosilicate content associated with this reaction. In comparison, 
the projected position of the bulk rock composition for most bedded migmatite 
samples, lying close to the spinel-cordierite tie-line, meant that there was much 
Figure 5.5 Qualitative petrogenetic grid in the system K20-FeO-MgO-Ab03-
Si02-H20 (KFMASH), for fluid-absent metapelite from Mt Stafford. Reactions 
that are numbered are discussed in the text. The arrow indicates the thermal field 
gradient preserved at Mt Stafford, which matches the prograde path inferred for 
Zone 4 rocks. 
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less modal and textural change related to garnet and orthopyroxene-forming 
reactions. 
The textures at Mt Stafford are inconsistent with the prograde crossing of 
the [Opx, Bt] univariant reaction (Fig. 5.5) as garnet in the spinel-cordierite 
symplectites is inferred to be a product of the prograde sequence. This garnet is 
texturally distinct, and inferred to be causally unrelated, to M2 garnet that is 
intergrown with biotite, fibrous sillimanite and magnetite (Vernon et al., 1990). 
Thus, the P-T path previously inferred to account for the spinel-cordierite moats 
on aluminosilicate (Hand et al., 1992) is inappropriate. The [Bt, As] reaction is an 
upper temperature limit for peak metamorphism, as orthopyroxene-spinel-bearing 
assemblages are not observed in the high-grade rocks. M2 garnet-sillimanite-
biotite-magnetite-bearing assemblages in retrograde shear zones are consistent 
with later, causally unrelated, burial of the Mt Stafford terrane (Clarke et al., 
1990), as the stability field of this assemblage lies above the [Opx] invariant (Fig. 
5.5). 
A petrogenetic grid such as Fig. 5.5 shows limited information, as many 
equilibria are constrained to divariant or trivariant fields not shown on the 
diagram. As the main compositional variation within the high-grade rocks is 
dependant on XAt. it is useful to examine in more detail the assemblages 
encountered with variable XAt· Figure 5.6 is a T -XAt pseudosection that shows 
possible divariant and trivariant assemblages within the model KFMASH system, 
projected from the dashed line in Fig. 5.2 drawn through most bulk rock analyses 
at XFe -0.62. Metapelite layers with XAt >0.7 (HW47pe, Fig. 5.6) would have 
crossed only reactions (4) and (5). In comparison, bedded migmatite layers with 
compositions involving XAt <0.7 would have witnessed more complex reaction 
sequences, with the full prograde sequence of reactions witnessed by 
metapsammite layers with compositions in the range XAl =0.55-0.6 (9115 ps, 
HW47ps, Fig. 5.6). Textures relating to rocks having crossed through and reacted 
across reaction (5) are commonly preserved in bedded rnigmatite samples with 
Figure 5.6 T-XAI diagram showing the likely divariant fields encountered by 
zones 2 to 4 metasediments with increasing temperature. The open circles show 
the position of some representative samples of bedded rnigmatite. 
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XAJ < 0.7. The limited textural modifications relating to post-reaction (5) changes 
indicates the significance of this reaction in melt-production at Mt Stafford. 
5.11 Summary 
Five Mta metamorphic zones have been recognised at Mt Stafford from 
muscovite-chlorite-quartz-bearing schist in the southwest to garnet-
orthopyroxene-cordierite-K-feldspar-bearing migmatitic granofels in the 
northeast. Low-P partial melting initiated at temperatures somewhat higher than 
muscovite breakdown, but within the andalusite stability field. Melting was 
mainly restricted to metapelitic rock-types and centred on aluminosilicate 
porphyroblasts. The stability of co-existing andalusite and melt, found slightly 
upgrade from the metapelitic solidus, probably reflects the boron-rich nature of 
the metapelite. Conditions changed from incipient vapour-present melting, to 
vapour-absent melting controJJed by biotite dehydration reactions. The 
involvement of biotite in the melting steps is reflected by the development of in-
situ K-feldspar and quartz-rich leucosome containing peritectic cordierite, spinel, 
garnet, and orthopyroxene. 
Extrapolating these results, it is generally inferred that highly aluminous 
pelitic rocks are potentially fertile melt producers in the mid-upper crust whereas 
interlayered psammitic rocks with higher Si and lower AI contents are 
comparatively poor melt producers, even with temperatures in-excess of 800°C. 
At Mt Stafford, significant proportions of melt were only produced by the melting 
of metapelite that experienced significant modal changes that accompanied melt-
producing reactions. Grade and modal variations in the Mt Stafford bedded 
migmatite, controlled by the position of the bulk rock composition of the 
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metapelite layers with respect to minerals involved in the melt producing 
reactions, are consistent with predictions made for the KFMASH model system. 
CHAPTER SIX 
WHOLE ROCK GEOCHEMISTRY OF THE BEDDED 
MIGMATITE AND HYBRID DIATEXITE 
6.1 Introduction 
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The enigmatic hybrid diatexite, introduced in Chapter 3, is further 
described in this chapter, and with the aid of XRF analyses and least-squared mix-
modelling the origin of this rock-type is deduced. Another use of the XRF 
analyses has been to compare interbedded metapelite bulk-compositions from all 
grades across the terrane. The possibility that leucosome has been injected from a 
foreign magma into the high-grade metapelite (or any other open-system 
behaviour) is tested in this way by comparing the consistency of metapelite 
composition from low- to high-grade. 
6.2 Methods 
Fifty-nine samples (including 30 adjacent metapelite/metapsammite pairs) 
from across the area were analysed by X-ray fluorescence (XRF) at the University 
of New South Wales, Sydney. Individual samples of 2-6 kg were collected from 
the metasedimentary and mafic rocks, and 4-10 kg for the granitic rocks. 1-3 mm 
thick weathering rinds were sawn or split off. Care was taken in separating 
metapelitic, metapsammitic, and melanosome portions of bedded migmatite. Due 
to the effects of weathering, it was very difficult to obtain representative fresh 
samples from Zone 1 and Sub-zone 2a. Where a melanosome was thicker than 
0.5 em, it was separated for analysis; if this was not possible the melanosome was 
included with the metapsammitic portion, since it is inferred to be modified 
metapsammite. Representative 50g splits were taken from the crushed samples, 
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dried overnight at 1 05°C, and analysed using a Siemens SRS 300 XRF 
spectrometer operating with 'Spectra-AT' software. Analytical uncertainties are 
approximately 1% of the value for major elements, and approximately 2-10 ppm 
for trace elements. Detection limits for the various trace elements are shown in 
Table 6.1. Multiple analyses of a rock type from one zone have been averaged to 
obtain more representative elemental data. However, 1 cr standard deviations have 
been calculated (Table 6.1) for the averaged result to test for in-zone sample 
heterogeneity. The full XRF dataset is included as Appendix 4. 
6.3 Geochemical variations 
The bedded migmatite shows a remarkably uniform composition throughout 
the Mt Stafford area, whereas the metapsammite shows a larger range of 
compositions (Table 6.1). Accordingly, the mean composition of the 15 analysed 
bedded migmatite samples is used as a nominal normative composition to 
construct Fig. 6.1, which illustrates the general differences between this 
metapelite average and averaged compositions for the metapsammite, Zone 5 
diatexite and northern granite (Fig. 1.3). In terms of major elements (Fig. 6.1 a), 
metapelitic layers are invariably more potassic, more aluminous, and less silicic 
than adjacent metapsammite layers, Zone 5 diatexites and the northern granite. 
This is consistent with modal data that indicate less quartz and more K-feld~par in 
the metapelite (Fig. 3.4), but inconsistent with recalculated XRF data plotted onto 
AFM diagrams in Fig. 5.2, which shows a range of XAt in the metasedimentary 
XRF dataset. This plot reflects subtle variations in K20 between the samples 
which change the projected position of the whole rock data. The diatexite and 
northern granite have lower Ti, Fe and Mg values and greater Ca and Na values 
than metapelite layers in the bedded migmatite. 
Table 6.1 Averaged XRF analyses of metapelite and metapsammite samples from 
across the Mt Stafford terrane, and Zone 5 hybrid diatexite and northern granite 
samples. Individual XRF analyses have been averaged to obtain more 
representative data; the number of analyses for each column and 1 cr standard 
deviations on elemental data are given in the column next to the averaged result. 
The averaged results are used in the construction of Figs. 6.1 to 6.3. 
Me tape lite Zo ne 1-4 Metapsammite Zone 1-4 Metape lite Zo ne 1-2b Me taps ammlte Zone 1-2b 
<'I 
(15 s amples) (14 samples) (5 s amples) (10 s a mples) 
avera ge standard a verage standard a ve rage standard a verage standard 
analysis dev1atton MAX MIN a nalysis dev1ation MAX MIN a nalysis deviation MAX MIN a nalysis deviation MAX MIN 
s~ 5 6 .27 1.63 59.95 53.01 64.31 5.05 72.90 57.90 56.51 2.27 59.95 53.71 66 .39 4 .42 72.90 60.40 
T102 0 . 7 6 0 .08 0 .95 0.65 0 . 7 7 0 .25 1.29 0 .50 0 . 72 0.03 0 .76 0 .68 0 . 64 0 .13 0 .84 0 .50 
AI203 2 3 .52 2.00 28.26 20.63 17. 5 9 3.05 21 .60 12.46 2 4 .47 2.28 28.26 22.73 16 . 36 2 .59 20.89 12.46 
Ftl203 7. 7 9 1.39 10.11 5.49 8 .00 2 .77 12.25 4 .67 6 . 7 9 1.11 8.39 5.49 6 . 76 2 .20 11 .10 4 .67 
MnO 0 . 07 0.02 0 .14 0 .04 0 .08 0 .03 0 .13 0 .04 0 . 08 0.03 0 .14 0 .05 0 . 08 0 .03 0 .12 0 .04 
MgO 2 .5 1 0.44 3 .73 1.94 2.43 0 .82 3 .73 1.23 2.36 0.16 2.59 2.16 2 . 0 3 0 .56 3.02 1.23 
cao 0 . 40 0.27 1.07 0 .21 0 .28 0.16 0 .59 0 .09 0 . 50 0.31 0.95 0 .23 0 . 31 0 .17 0 .59 0 .15 
N32C 1 . 02 0.40 1.95 0.41 0.63 0 .39 1.23 0.01 1 . 16 0.24 1.45 0 .94 0 . 79 0 .32 1 .23 0 .21 
K20 5 . 82 1.01 7.18 3.73 3 .63 2.11 6 .78 0.50 6 . 00 1.04 7.01 4 .86 4. 3 2 2 .09 6 .78 0 .50 
P20s 0 . 1 2 0 .02 0 .18 0.09 0 .09 0 .03 0 .14 0 .06 0.14 0 .03 0 .18 0 .10 0 . 10 0 .03 0 .14 0.07 
LOI 0 . 83 0 .37 1.70 0.42 0 .86 0.40 1 .65 0.20 1 .00 0.44 1.70 0 .62 0.93 0 .46 1.65 0 .20 
Pb(1) 4 3 19 85 15 27 16 51 7 45 22 80 29 31 16 51 7 
Sr(2) 140 42 221 69 68 31 116 13 11 4 31 161 83 74 31 1 16 13 
Rb(2) 244 55 336 174 188 98 315 49 266 71 336 181 220 95 315 49 
Y(2) 39 15 77 24 42 16 71 27 49 19 77 30 45 17 71 27 
Zr(2) 14 7 27 229 11 5 187 25 24 9 156 141 11 158 129 177 17 219 156 
Nb(1) 1 5 3 20 11 1 7 4 22 10 1 6 3 20 12 1 5 4 20 10 
Zn(2) 1 2 0 42 257 79 1 2 1 24 160 72 112 11 127 96 11 2 22 149 72 
Ni(2) 42 7 57 28 45 14 70 25 39 4 44 34 40 14 70 25 
Ga(2) 29 3 37 24 23 5 27 14 32 4 37 26 22 5 27 14 
Co(2) 23 10 40 0 29 19 70 21 1 8 16 40 0 2 4 18 67 21 
Ba(10) 794 254 1921 1109 5 7 1 289 1155 253 1396 218 1680 1109 725 305 1155 253 
Cr(2) 37 10 105 82 42 27 122 55 58 13 105 82 59 27 122 55 
V(2) 75 7 120 92 68 33 162 42 58 3 99 92 56 21 103 42 
Metapelite Zone 2c-4 Metapsammite Zone 2c-4 Hybrid d iatexlte (matrix only) Northern granite 
(10 samples) (4 samples) (6 samples ) (2 s a mples) 
average standard average standard a verage standard average standard 
analysis deviation MAX MN analysis deviation MAX MIN analysis deviation MAX MIN analysis deviation MAX t.tN 
s~ 56 .1 6 1.35 57.71 53.01 59 . 11 1.24 60.85 57.90 7 0 . 73 7 .96 79.68 57.86 73 .06 0 .05 73.09 73.02 
T~ 0.78 0 .09 0.95 0.65 1 .1 0 0.14 1.29 0 .99 0 .56 0 .15 0.83 0 .38 0 . 33 0.01 0 .34 0 .32 
AI203 23 . 04 1.79 27.16 20.63 20 .66 1.59 21.60 18.29 14.74 3 .96 21 .30 10.12 13 .79 0 .35 14.03 13.54 
F8203 8 . 29 1.28 10.11 5.62 11 . 09 0 .92 12.25 10.12 4 . 99 2 .11 8.45 2.81 2 . 82 0 .11 2 .89 2 .74 
MnO 0 . 07 0 .02 0.09 0.04 0 . 09 0.03 0.13 0 .06 0 . 05 0 .02 0.08 0 .03 0 . 04 0 .00 0 .04 0 .04 
MgO 2 . 59 0 .52 3 .73 1 .94 3 . 44 0 .32 3.73 3 .05 1 .50 0 .72 2.81 0 .78 0 .67 0.06 0 .71 0.63 
cao 0 . 35 0 .26 1.07 0 .21 0. 1 9 0 .10 0.31 0 .09 0 . 83 0.47 1.70 0 .30 1.06 0.03 1.08 1.04 
N32C 0 . 94 0 .45 1.95 0 .41 0 . 20 0 .14 0.32 0 .01 1.08 0.45 1.76 0 .41 1 . 57 0 .11 1.65 1.49 
K20 5 . 74 1.05 7 .18 3.73 1 . 90 0.83 3.05 1.05 3 . 70 1.18 5 .09 2.13 4 . 92 0.25 5 .10 4 .74 
P20s 0 . 11 0 .01 0.13 0 .09 0 . 07 0 .00 0.08 006 0 . 11 0 .02 0 .13 0 .09 0 . 14 0 .00 0 .14 0 .13 
LOI 0 . 7 5 0.33 1.60 0.42 0 . 69 0.02 0.71 0.67 0 .80 0.48 1.71 0.36 0 . 82 0.40 1.10 0.53 
Pb(1) 41 18 85 15 1 6 8 24 7 29 14 50 14 29 1 30 28 
Sr(2) 153 42 221 69 54 29 95 29 119 23 155 86 84 5 87 80 
Rb(2) 233 44 322 174 107 45 168 58 168 53 224 94 289 31 311 267 
Y(2) 35 11 55 24 34 6 42 29 25 6 31 17 1 8 0 19 18 
Zr(2) 149 33 229 115 2 12 26 249 189 2 15 85 384 163 122 9 129 115 
Nb(1) 1 4 2 19 1 1 20 2 22 19 1 0 2 14 6 1 0 1 11 9 
Zn(2) 124 51 257 79 143 15 160 129 75 20 106 5 1 51 8 57 46 
Ni(2) 4 3 8 57 28 57 6 66 54 26 11 43 13 1 4 0 15 13 
Ga(2) 2 8 2 32 24 2 6 0 27 26 1 7 7 28 9 1 4 2 15 13 
Co(2) 25 3 36 26 4 3 11 70 48 20 4 29 19 1 8 0 19 18 
Ba(10) 49 3 270 1921 1382 187 746 746 555 230 1059 460 4 47 21 462 431 
Cr(2) 27 4 92 85 0 55 23 100 40 27 2 29 26 
V2 8 3 7 120 95 100 25 162 117 60 31 121 38 35 0 35 34 
Figure 6.1 Plot comparing (a) major element and (b) trace element content of 
metapsammite (triangles), Zone 5 diatexite (circles) and northern granite 
(diamonds) normalized against the average metapelite from Zones 1-4 (horizontal 
line; see Table 2 for analyses). The metapelitic layers are more potassic, more 
aluminous and less silicic than adjacent metapsammite layers , Zone 5 diatexites 
and the northern granite. The diatexite and northern granite have less Ti02, FeO 
and MgO, but more CaO and Na20 than the metapelite. 
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6.4 Chemical composition of Zone 2-4 migmatites 
The observed dependence of migmatite type on metamorphic grade in 
the bedded migmatite makes it an appropriate unit to examine variations in bulk 
chemical composition that may have been induced by, for example, melt or fluid 
migration during peak metamorphism. The average of 5 metapelite analyses 
between Zone 1 and Sub-zone 2b, recalculated to 100% for mass 
balance considerations, has been plotted against the average of 11 metapelite-
rnigmatite analyses (Zones 2c-4) to detect bulk-rock changes with grade. 
Standard deviation, maximum and minimum values for these analyses are shown 
in Table 6.1, and standard deviation error bars have been added to each element in 
the comparison plots (Fig. 6.2). All major elements in the two metapelite groups 
are consistent within error, only the trace elements Ba, Cr and V being 
inconsistent (Fig. 6.2b ). Thus, high-grade and low-grade metapelite layers in the 
bedded migmatite have a remarkably consistent bulk composition, assumed to 
reflect homogeneity in the protolith, which was not altered by the extensive 
melting inferred in Zone 4 rocks. In contrast, metapsamrnite throughout the area 
shows a broad range of values (Table 6.1), which, arguing from the presumed 
absence of significant mass gain or loss in the rocks, is inferred to be associated 
with protolith heterogeneity. 
The bedded rnigmatite at Mt Stafford appears to have formed predominantly 
by closed-system melting operating on a decimetre scale, mostly within individual 
metapelite layers. Partial melting is interpreted to be the cause of leucosome 
formation, its products varying with grade from centimetre-scale segregations in 
Zone 2b metatexite, through decimetre-scale "immobile" leucosomes in Zone 3 
and 4 bedded and schlieren migmatites, to Zone 4 diatexite, without chemical 
variation. In Zones 3 and 4, leucosomes were formed almost exclusively from 
pelitic protoliths that may retain sedimentary features (Fig. 3.8c), and thus melt 
underwent minimal migration. The leucosome and diatexite compositions are far 
Figure 6.2 Log-log plot comparing (a) major and (b) trace element content of an 
average subsolidus metapelite (5 samples taken from Zone 1 and Sub-zone 2b; X-
axis) against an average supersolidus metapelite (10 samples taken from Zones 
2c-4). The lcr standard deviation of each element in the averaged metapelite 
analyses is shown as error bars. The diagrams show that there is no appreciable 
change in composition of the metapelite layers, although the Zones 2c-4 samples 
have melted extensively, consistent with the migmatites having formed by closed-
system in-situ melting. See Table 6.1 for the average compositions. 
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removed from a minimum melt composition, since they retain between 40% and 
90% peritectic minerals. Thus, igneous injection is an unlikely cause of 
migmatization for Zones 2-4, which is confirmed by the lack of field evidence of 
injection. Instead, the degree of melting reflects temperature and the fertility of 
the protolith. We infer that the degree of melting exceeded the rheological critical 
melt percentage (RCMP) of Arzi (1978) in metapelite layers in Zone 4 rocks. 
The RCMP is inferred to mark the change from solid to magma behaviour 
in rocks that contain between 26% and 40% melt by volume (Arzi, 1978). 
6.5 Zone 5 hybrid diatexite 
Zone 5 does not contain the highest grade rocks at Mt Stafford since 
andalusite is the dominant aluminosilicate. This could have resulted from Zone 5 
rocks being at slightly lower pressure than the sillimanite-bearing Zone 4 
migmatite, but given the small distance between Zone 4 and Zone 5 (Fig. 1.3) this 
seems unlikely. Thus, the considerable increase in the proportion of melt in the 
Zone 5 hybrid diatexite cannot be attributed to higher peak temperatures. Though 
Zone 5 hybrid diatexite is mostly mineralogically and geochemically distinct from 
migmatite in Zones 2 to 4, it contains schollen and discontinuous layers of 
migmatite that are very similar or identical to the Zone 3 and 4 bedded rnigmatite, 
in a comparatively plagioclase and biotite-rich matrix. It is unlikely that the 
lenticular zones of K-feldspar megacrysts in the matrix of the hybrid diatexite 
(Fig. 3.1ld) were formed in-situ . The simple twinning, plagioclase mantles and 
large grain size of the orthoclase megacrysts is consistent with their growth as 
phenocrysts in a magmatic environment (Vernon, 1986). Their occurrence in 
lenticular zones that gradually increase in abundance toward the n01thern granite 
is consistent with them having been injected from the northern granite into, and 
mixed with, partially melted migmatite. Contacts between the megacryst-rich 
zones and the hybrid diatexite are poorly defined or are gradational over a 
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distance of 10-20 em. If granite was injected into an area of partially melted 
metasedimentary rock, mixing of the two melts could have blurred the 
contact. Thus, the field relationships are consistent with the hybrid 
diatexite having formed by a mixture of two melts, one produced from the in-situ 
melting of metasediments with a protolith similar to that of the Zone 4 bedded 
migmatite and one being injected granitic material. The 1-2 em thick resorption 
and recrystallization haloes observed on the margins of many schollen probably 
reflect diatexite domains involving higher proportions of injected melt, since 
similar haloes are found on metasedimentary xenoliths in the northern granite. 
The gradational contact between the hybrid diatexite and the northern granite and 
the absence of retrogression are consistent with the emplacement of the body at or 
near peak metamorphic conditions. 
This hypothesis can be tested by considering the geochemistry of the 
rocks involved. The hybrid diatexite is strongly enriched in Si02, CaO, Na20 
and K20, and depleted in FeO, MnO, Ti02 and Al203 compared with 
the metapelite/leucosome layers of the Zone 4 migmatites (Table 6.1 ). 
The chemical variations are principally reflected in the greater average proportion 
of plagioclase (3.3%) in the Zone 5 hybrid diatexite compared with that in the 
Zone 4 bedded migmatite (0.3% ). Figure 6.1 provides a simple method to test the 
hypothesis: if true, the composition of the hybrid diatexite should lie between 
the metapelite (horizontal line) and the granite composition. Although this is true 
for most elements, MnO, K20, P20s (Fig. 6.1a) Rb, Ba and Cr (Fig. 6.lb) 
are irregular. The low MnO, P20s and Cr contents in the averaged 
metapelite (Table 6.1) mean that these irregularities are probably not 
meaningful. However, this cannot be argued for the normalized K20, Rb and Ba 
contents of the Zone 5 diatexite. Since these elements are strongly fractionated 
into feldspar, they may reflect a melt loss from the diatexite. A more quantitative 
method to assess the influence of injected igneous material into Zone 5 involves 
using least-squares mixing between the averaged bulk-compositions of the 
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parent metapelite (15 analyses) and granite (2 analyses) to derive a 
model diatexite. The mix is dominantly controlled by the addition of Si 
and dilution of Al (Table 6.1), which together account for approximately 80% 
of the total weight of each analysis. The modelled diatexite can then be compared 
with the average (9 analyses) Zone 5 hybrid diatexite (matrix only). In Fig. 6.3a, 
major elements of the average hybrid diatexite (matrix only) are plotted against a 
modelled mix of 58% granite and 42% metapelite, with trace elements plotted in 
Fig. 6.3b. The error bars indicate one standard deviation for the averaged 
analyses. The model diatexite is identical within error to the average Zone 5 
diatexite in both trace and major elements, with the exception of Cr and Mn (Fig. 
6.3). The apparent depletion of K, Rb and Ba suggested by Fig. 6.1 is within 
scatter of the available data. Again, MnO and Cr contents are probably too low to 
be reliably plotted. 
6.6 Summary 
Geochemical and petrographic data are consistent with an in-situ partial 
melting origin for the leucosome contained within the bedded migmatite. 
Geochemical and modal data are consistent with the Zone 5 hybrid 
diatexites being a heterogenous suite of rocks intermediate in composition 
between the northern granite and the Zone 1-4 metapelite. Major elements that are 
most enriched areCa, Si and Na, which are interpreted as having been derived 
from quartz and plagioclase phenocrysts. The geochemical evidence supports 
interpretations made on the basis of textural and field criteria that the hybrid 
diatexite contains both in-situ melt and injected igneous material. 
\ 
Figure 6.3 Log-log plot comparing (a) major and (b) trace element content of a 
model diatexite against the average (6 samples) Zone 5 hybrid diatexite matrix. 
The model composition was calculated from least-squares mixing (X-axis) of a 
simple binary system involving 58% average northern granite composition (2 
samples) and 42% average metapelite composition (Zones 1-4; 15 analyses). See 
Table 6.1 for the average compositions. 
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CHAPTER SEVEN 
CONSTRAINTS FROM STABLE ISOTOPES 
7.1 Introduction 
This chapter presents the results of a stable oxygen isotope study on the Mt 
Stafford migmatites. 18Qfl6Q ratios for 46 rock and mineral samples, mostly 
rnigmatite, were analysed at the CSIRO Centre for Isotope Studies in North Ryde, 
Sydney. 
The aim of the study was to use bulk-rock oxygen isotope data (24 
samples) to determine the scale and extent of isotopic homogenisation and the 
source of fluids at Mt Stafford. Additionally, bulk-rock data are used to 
distinguish between injection-derived hybrid diatexite and in-situ migmatite. 
Isotopic fractionations between co-existing quartz and K-feldspar were 
also determined for eleven samples. These data allowed a more rigorous test of 
open vs . closed system behaviour in the migmatites, temperature of final fluid-
rock equilibration and the extent of fluid communication between adjacent 
metapelite and metapsamrnite layers. 
The results have been compared to other igneous and metamorphic 
terranes, in particular the Ballachulish aureole in Scotland (Pattison & Harte, 
1988; Jenkin et al., 1991b; Linklater et al., 1994) and Central Damara Orogen 
(Masberg, 1996) to help in interpreting the data and to draw conclusions on the 
role of fluids in rnigmatite formation. 
121 
7.2 Background on isotope geology and equations used in this 
chapter 
For elements with an atomic mass less than 40 (i.e. lighter than Ca), it is 
possible for their isotopes to be fractionated by simple physical processes, with 
the degree of fractionation being proportional to the mass difference between the 
isotopes (Faure, 1977). The greater the mass difference, the more they will be 
fractionated. Thus for heavier elements, the mass difference is too small for them 
to be fractionated by physical processes alone. 
Oxygen is a useful element in monitoring geological isotopic processes 
because of its abundance in the crust and well defined fractionation data. There 
are three stable isotopes of oxygen in nature, and their relative abundances are 
shown below (Rollinson, 1992): 
160 = 99.763% 
no= 0.0375% 
!So= 0.1995% 
The ratio of 180 to 160 is normally used and compared against a standard 
to obtain a o or 'del' value. The most commonly used reference for oxygen 
isotopes is standard mean ocean water (SMOW), and the equation used to 
determine o is expressed as (Rollinson, 1992): 
180f16Q (sample)- L80fl60 (SMOW) 
oi80%o = X 1000(7.1) 
180f160 (SMOW) 
Stable oxygen isotopes are the main constituent of most geologically 
important fluids, incorporated mainly into H20 and C02. Thus oxygen isotopes 
can be used to monitor fluid transportation and fluid-rock interaction (Harley & 
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Graham, 1994). Additionally, mineral-mineral isotopic fractionation and exchange 
allow calibration of thermometers and a means of studying reaction mechanisms 
in metamorphic rocks on the basis of their mass rather than their chemistry. The 
fractionation between two minerals, in this case quartz and K-feldspar, can be 
defined by the fractionation factor L\mineraJl-minerai2 (Faure, 1977): 
L\ ()l8Q (Qtz-Kfs) = ()18Q(Qtz) - ()18Q (Kfs) (7.2) 
i1Qtz-Kfs for both measured and calculated values in the Mt Stafford 
terrane are shown in Table 7 .1. 
Isotopic fractionation of oxygen can occur as a result of conventional 
exchange reactions, kinetic processes and physio-chemical processes such as 
melting, crystallisation and diffusion. Isotopic fractionation in exchange reactions 
is dominant in high-grade metamorphic rocks and is controlled by the bond-
strength of the molecule: the lighter isotope will form a weaker bond than the 
heavier isotope. Thus, temperature is a key factor in fractionation, and the 
relationship between temperature and fractionation is defined by the equation 
(Javoy, 1977): 
1000lni1Qtz-Kfs = A(l ()6 I T2) + B (7.3) 
Where A and B are constants determined by experiment for co-existing 
minerals, in this case quartz and K-feldspar respectively. When calculating 
mineral-pair fractionations B is often assumed to be zero, reducing the expression 
Table 7.1 Results of mineral oxygen isotope analysis, also showing variation in 
B'80 with grade. 
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variation 
Zone Sample Mineral Yield ~18o SMOW AQtz- <~1s0 > 
(mgs/mol) J%ol Kfs 11 12 13 14 
1 1109pe Kfs 14.9 12.2 1.7 ••••••••• 
1109pe Qtz 17.5 13.9 ••••••••••••••••• 
1 1109ps Kfs 16.4 12.1 0.6 ••••••••• 
1109ps Qtz 15.7 12.7 ••••••••••• 
2c 2064 Kfs 14.4 12.2 0.7 ••••••••• 
2064 Qtz 12.2 12.9 •••••••••••• 
2c 93148 Kfs 16 13.1 0.3 ••••••••••••• 
93148 Qtz 16.7 13.4 •••••••••••••• 
4 9318b Kfs 12.2 12.1 0.6 ••••••••• 
9318b Qtz 17 12.7 ••••••••••• 
4 9343-L Kfs 15.4 12.1 0.1 ••••••••• 
9343-L Qtz 16.3 12.2 ••••••••• 
4 9343-M Kfs 17.3 13.4 0.2 ••••••••••••••• 
9343-M Qtz 17.8 13.6 •••••••••••••••• 
4 GC1-L Kfs 15.2 11 .6 0.7 •••••• 
GC1-L Qtz 12.2 12.3 •••••••••• 
4 GC1-M Kfs 15.7 13 -1 .2 ••••••••••••• 
GC1-M Qtz 10.6 11.8 •••••••• 
5 93339-L Kfs 11 .5 11 .9 1.8 •••••••• 
93339-L Qtz 17.4 13.7 •••••••••••••••• 
5 93339-M Kfs 14.7 12 0.1 ••••••••• 
93339-M Otz 15.6 12.1 ••••••••• 
11 12 13 14 
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to (A x 106 I T2). The coefficient A for quartz-K-feldspar varies between 
calibrations, the most commonly used are: 
A = 0.94- Experimentally determined, equilibrated with calcite (Chiba et 
al., 1989) 
A = 0.50- Experimentally determined, equilibrated with H20 (Mathews et 
al., 1983) 
A= 0.97- Empirically determined (Bottinga & Javoy, 1975; Javoy, 1977). 
This method is not only used for thermometry but also for the evaluation 
of open vs. closed system behaviour on a centimetre-scale (i.e. testing 
equilibration between co-existing minerals). Because there is potentially a large 
number of mineral-mineral thermometers available for a single rock, isotopic 
equilibrium can be tested for a given assemblage. Giletti (1986) showed that in 
slowly cooled rocks isotopic equilibrium should not be expected as each mineral 
has a different closure temperature to oxygen exchange. Diffusion data collated by 
Farver (1989) give the closure order of oxygen isotope exchange in a cooling 
metapelite as pyroxene (first to close), garnet, ilmenite-magnetite, quartz, biotite, 
cordierite, K-feldspar (last to close). Quartz and K-feldspar have closure 
temperatures of approximately 200°C and 500°C respectively (Jenkin et a/., 
199la; 1991b). For Mt Stafford data, the calculated closure temperatures (Tc) of 
quartz and K-feldspar for each rock are shown in Table 7.1. 
7.3 Methods 
Bulk-rock powder was prepared using the same method for XRF analyses 
described in Chapter Six. The samples were reacted with BrFs at 600°C overnight. 
The 02 produced was converted to C02 for mass spectrometry using a hot C rod, 
following the method of Clayton & Mayeda (1963). The gases were analysed on a 
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Finnigan 252 mass spectrometer. Standard quartz was replicated at better than 
±0.2%o, and analytical precision for both bulk-rock and mineral analyses was 
±O.l%o. 
Physical techniques were used to separate quartz and K-feldspar. Initially, 
a 100-150cr sieve fraction was obtained, cleansed with ethanol and dried overnight 
at 100°C. The fraction was fed through a Frantz magnetic separator to remove 
most ferromagnesian minerals (0.4 amp) and aluminosilicate (0.4-1.4 amp). This 
left a fraction of mostly quartz and feldspar which was gathered and refined at 
>1.4 amp. At the CSIRO mineral separation laboratory (North Ryde) heavy liquid 
(Na-polytungstate) was used to separate quartz and K-feldspar and any inclusion-
rich minerals left in the fraction. 
7.4 Results 
Bulk-rock b18Q values 
Table 7.2 contains the results of bulk-rock 818Q determinations for 24 
samples. The analyses for each sample were replicated to ensure consistency to 
within ±l.O%o bl8Q. Generally this consistency was satisfied after one replicate 
analysis, but in the case of metabasite sample 92JW22B three replicate analyses 
were required. The majority of samples are within ±0.5%o of the average value. 
The ranges of b18Q values for different rock-types are shown in Fig 7.la, 
and compared against rock-type ranges from the literature. An average value of 
crustal gabbro/basalt was obtained from Hoefs ( 1986), whereas granite, metapelite 
and metapsamrnite ranges were compared to similar rock-types from the 
Ballachulish aureole (Linklater et al., 1994). The range of Mt Stafford metabasite 
values (b18Q = 8.04-9.79%o) is clearly enriched in 18Q compared to the crustal 
average (the composition of the metabasite is gabbro/basalt). The Mt Stafford 
granite (b18Q = 8.36-12.19%o), metapelite (b18Q = 10.12-14.74%o) and 
Table 7.2 Results of bulk-rock oxygen isotope analysis. Ranges of duplicate 
analyses and lcr error are shown, as well as variation of 8180 with grade for 
metasedimentary rock-types and contaminated granite. 
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Sample Yield a1so Average ± 1<J variation 
Zone no. umole/mg a1so (81so) 
1107 PE 6.9 14.73 10 11 12 13 14 15 
1 1107 PE 12.7 14.49 14.61 0.24 0.17 
1107 PS 12.0 13.1 1 
1107 PS 15.0 12.83 
1 1107 PS 15.4 13.23 13.06 0.4 0.28 ................. 
1109 PE 13.5 12.57 
1 1109PE 11 .5 12.17 12.37 0.4 0.28 
1109 PS 13.2 11.49 
1 1109 PS 15.9 11.92 11 .71 0.43 0.30 
-93182 LEUCO 15.8 10.36 
2a 93182 LEUCO 13.2 9.94 10.15 0.42 0.30 
-
93182 MESO 15.5 11.89 
2a 93182 MESO 15.8 11.71 11.80 0.18 0.13 
-GC1112M MESO 15.9 11.78 
GC1112M MESO 14.0 11.88 
2c GC1112M MESO 15.1 11 .68 11.78 0.2 0.10 
-9115 LEUCO 13.7 14.30 
4 9115 LEUCO 12.5 14.63 14.47 0.33 0.23 11111111111111111111111111 
91GC15 MESO 11 .8 13.54 
4 91GC15 MESO 13.7 13.24 13.39 0.3 0.21 1111111111111111111 
92JW47L 9.4 10.54 
4 92JW47L 8.7 10.71 10.63 0.17 0.12 
-92JW47M LEUCO 13.5 10.71 
4 92JW47M LEUCO 12.4 11.04 10.88 0.67 0.23 
-9357a LEUCO 13.5 11 .97 
4 9357a LEUCO 15.0 12.05 12.01 0.08 0.06 
9357aMESO 16.9 12.35 
9357aMESO 11 .5 11 .70 
4 9357aMESO 15.7 11 .77 11.94 0.65 0.36 
9303 LEUCO 10.9 12.85 
4 9303 LEUCO 12.8 12.10 12.48 0.75 0.53 
9303MESO 13.5 13.90 
4 9303MESO 12.6 14.16 14.03 0.26 0.18 
MB 155 13.4 7.88 
4 MB 155 (gabbro) 12.3 8.20 8.04 0.32 0.23 
92JW22B 15.2 8.86 
92JW22B 10.5 9.41 
92JW22B 15.4 9.77 
5 92JW22B (gabbro) 11.4 9.02 9.27 0.91 0.41 
92JW42 13.6 10.10 
92JW42 13.5 9.51 
5 92JW42 (gabbro) 10.5 9.76 9.79 0.59 0.30 
92JW48A(R) MIG 15.0 12.16 
5 92JW48A(R) MIG 14.1 12.43 12.30 0.27 0.19 
MB227 12.5 13.21 
5 MB227 8.5 13.49 13.35 0.28 0.20 
MB228 14.2 13.66 
5 MB228 15.2 14.00 13.83 0.34 0.24 
MB223 13.6 15.25 
5 MB223 14.3 15.66 15.46 0.41 0.29 1111111111111111111111 I IIIII I I 
9467 15.2 12.11 
grnte 9467 15.1 12.27 12.19 0.16 0.11 
MB229 15.1 8.67 
grnte MB229 16.7 8.05 8.36 0.62 0.44 10 11 12 13 14 15 
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metapsarnmite (B18Q = 10.88-13.39%o) are also enriched in I 8Q compared to 
Ballachulish equivalents. The hybrid diatexite samples have the highest range of 
all rock-types (Bl8Q = 13.35-15.46%o). 
Mineral B18Q values 
The results of quartz and K-feldspar isotopic determinations are shown in 
Table 7.1, and compared against other terranes in Fig. 7.1 b. Apart from granite 
sample 93148, mineral BI8Q values were determined only for metasedimentary 
rock types, and specifically for adjacent metapelite-metapsammite rock-types 
where sufficient sample was available. 
BI8Q quartz (11.8-13.9%o) and B18Q K-feldspar (ll.6-13.4%o) values 
display a much tighter range than migmatite bulk-rock BI8Q values. ~QtL-Kfs for 
each rock were less than 0.8%o, with the exception of lower grade sample 1109pe 
(1.7%o) and hybrid diatexite sample 93339L (l.8%o). GC1M has a negative ~QtL­
Kfs value ( -1.2%o), implying reverse fractionation for this mineral pair (Wenner & 
Taylor, 1976). 
Figure 7.1b compares Bl8Q quartz-K-feldspar fractionation arrays in 
granitic rocks and migmatitic rocks from the Ballachulish aureole. The migmatite 
arrays are characterised by higher Bl8Q values than granitic arrays, although the 
Ballachulish array has more reverse-fractionations than the Mt Stafford rocks. 
Jenkin et al. (199lb) accounts for this apparent nonequilibrium behaviour in 
Ballachulish rocks by identifying abnormally high closure temperatures in quartz 
and a relatively large amount of mafic minerals compared to K-feldspar (which 
concentrate Ql6). 
Figure 7.1 a) Diagram illustrating bulk-rock li180 ranges for Mt Stafford rock-
types and comparing them to similar rocks in the Ballachulish aureole (Linklater 
et al., 1994), and the crustal average range for bulk-rock ol8Q gabbro/basalt 
(Rollinson, 1992). 
b) Comparison of ~Qtz- Kfs fractionations for Mt Stafford data against 
migmatitic and granitic rocks from other terranes (see text for references). The 
"normal" magmatic field of Taylor (1968) refers to the range of fractionations 
expected for crystallising igneous rocks. 
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7.5 Metapsammite vs. metapelite 
One method to assess the origin of the migmatites involves comparing 
bulk-rock analyses from melted and adjacent unmelted rock-types. For migmatite 
formed in-situ, bulk-rock isotopic values should be quite similar but an injection 
leucosome should have a distinct isotopic signature (Linklater et al., 1994 ). The 
pervasive infiltration of a fluid during or subsequent to migmatisation may 
homogenise isotopic values and this needs to be considered when interpreting 
melted/unmelted pairs. The Mt Stafford data are characterised by heterogeneous 
bulk-rock 1)18Q values between outcrops, yet similarity between adjacent 
metapelite (which contain leucosome above Zone 2) and metapsammite (generally 
unmelted) bulk-rock 1)18Q values in the same outcrop. 
Figure 7.2a illustrates the relationship between metapelite/metapsammite 
pairs. In general both analytical and calculated bulk-rock pairs are very similar; 
any differences are usually <0.5%o and never exceed I.O%o. This simple 
comparison supports other evidence (Greenfield et al., 1996) for an in-situ origin 
for migmatite formation. If the leucosome had been injected from an external 
source it would have had a 1)18Q value which was independant of the adjacent 
metapsamrnite (assuming that extensive equilibration between the injecting melt 
and the country rock did not occur). Also, an injection leucosome would carry the 
same isotopic signature between outcrops, with the metapelite/metapsammite 
pairs lying on a shallow gradient, and all metapelite 1)18Q values corresponding to 
the isotopic composition of the infiltrating fluid. The Mt Stafford metapelite 
shows a wide range of 1)18Q values, inconsistent with this method of 
rnigmatisation. 
Figure 7.2 a) Graphical representation of the relationship between bulk-rock 
ol so values of adjacent metapelite and metapsarnmite rocks. 1 cr error bars are 
shown. 
b) A plot of D.Qtz-Kfs fractionations. Lines are drawn for equilibrium 
temperatures of 500°C and 750°C. 
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7.6 Testing closed system behaviour 
A useful test of whether a rock behaved isochemically during 
metamorphism or was subject to the infiltration of an externally derived fluid is a 
simple plot of ol80Qtt vs. ol8QKfs (Fig. 7.2b; Gregory et al., 1989). From a 1:1 
line that represents an infinite apparent temperature of equilibration, an 
equilibrium data array should plot in a positively sloping array away from this line 
(ol80Qtt > ol8QKfs, Criss & Taylor, 1983). Figure 7.2b shows that, with the 
exception of GC 1M, the samples conform to the closed system model. Y ariation 
along the apparent temperature lines relates to differences in initial 8 18Q ratios, 
whereas a positively sloping array from the I: 1 line indicates decreasing 
equilibrium temperatures (Wenner & Taylor, 1976). Figure 7.1b shows examples 
of steep negatively sloping disequilibrium arrays for ~Qtz-Kfs in igneous suites 
from Missouri granite (Wenner & Taylor, 1976), Oman ophiolite (Gregory & 
Taylor, 1986), and the Connemara granites (Jenkin et al., 1992). All of these 
suites are inferred to have interacted with externally derived hydrothermal fluids 
causing apparent disequilibrium fractionation between quartz and K-feldspar 
(Jenkin et al., 1991b). Most of the plotted mineral pairs from Mt Stafford fall into 
a group of apparent equilibrium temperatures above 750°C (~Qtz-Kfs <0.9). It is 
unlikely that fractionation factors shown in Fig. 7 .2b record accurate peak 
metamorphic temperatures. However it is inferred that the majority of the studied 
rocks stopped equilibrating oxygen soon after the metamorphic peak. The 
exceptions are 1109pe and 93339L, which show abnormally low apparent 
equilibrium temperatures below 500°C (~Qtz-Kfs > 1.5). It is inferred that these 
samples had a distinct fluid-rock history which are accounted for by considering 
their position in the sequence. 
1109pe is a Zone 2a metapelite sample, taken from below the inferred 
solidus. A greater water activity is inferred for these lower-grade rocks that still 
preserve abundant mica and would not have partitioned fluid into partial melts. 
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Sample 93339L is from the matrix of a Zone 5 hybrid diatexite sample and 
therefore may have contained water introduced from the adjacent northern granite. 
The fact that the fractionation factor for 93339L is positive (i.e. showing apparent 
open system behaviour) is consistent with the intruding granitic fluid having a 
ol8Q ratio similarto the in-situ derived fluid. 
7.7 Isotopic variation across the terrane 
Introduction 
This section attempts to account for the distribution of oxygen isotope data 
across the terrane, and to establish whether the rocks were affected by a major 
hydrothermal event. Isotopic homogenisation of rocks in the study area would be 
dominantly affected by equilibration with the most recent penetrative fluid 
infiltration experienced by the rocks, at temperatures where isotopic fractionation 
is possible (>-200°C). Chemically inhomogeneous rocks (equilibrated at the same 
temperature) that have similar o 18Q values over a large area, would be consistent 
with equilibration of the rocks with large volumes of infiltrating fluid (Taylor & 
Epstein, 1963). Pervasive, penetrative fluid infiltration may have been the result 
of three main fluid sources which are discussed below in relation to the isotopic 
data from Mt Stafford shown in tables 7.1-7 .2. 
Near surface meteoric fluid 
Meteoric fluids are considered to be an important fluid reservoir for 
contact metamorphic rocks heated by high-level plutons within approximately 15 
km of the surface (Wickham & Taylor, 1985). The two major metamorphic 
episodes at Mt Stafford, M 1 a and M2, occurred at depths estimated to have been 
below 15 km, and retrograde minerals outside of major shear zones are inferred to 
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have formed during near isobaric cooling from these events. Therefore, it is 
inferred that subsequent to these events the Mt Stafford rocks (outside of the 
major shear zones) never re-equilibrated with oxygen from a meteoric fluid 
reservoir on a terrane scale. Evidence in support of this includes none of the bulk-
rock ~)I so values for metasedimentary rocks being low enough to have been 
significantly influenced by meteoric fluids (Taylor & Epstein, 1963), which have 
a 8180 range between -40.0-5.7%o (Hoefs , 1987). Collins and Teyssier ( 1989) 
inferred that the major shear zones in the Anmatjira and Reynolds Ranges were 
last active during the -400-300 Ma Alice Springs Orogeny, which brought the Mt 
Stafford rocks to upper crustal levels. However, there is no evidence of magmatic 
activity at this time which could have caused recirculation and infiltration of 
fluids throughout the terrane. The major shear zones at Mt Stafford preserve lower 
greenschist facies mylonite fabrics and it is most likely that any fluid activity was 
confined to these zones (Shaw & Black, 1991; Black & Shaw, 1995). 
Magmatic fluid 
The local thermal pulse provided by magma emplacement is considered to 
drive the large-scale convective circulation of metamorphic and/or meteoric fluids 
in adjacent rocks (Shieh & Taylor, 1969; Criss & Taylor, 1983). The infiltration 
of magmatic waters, released by crystallisation of the magma into the surrounding 
rocks, is considered by Turi & Taylor (1971) to be restricted to approximately 100 
metres from the intrusive contact. The northern granite at Mt Stafford intruded 
partially-molten country rocks and resulted in a small area of magma mixing 
defined herein as Zone 5 (Chapter 6). Plutonic rocks commonly have relatively 
uniform 8180 values in the range 5.5-10%o (White, 1974). Although the range of 
granitic 8180 values at Mt Stafford are unusually high (8.36-12.19%o), the 
anomalously high bulk-rock 8180 values for Zone 5 diatexite (Fig. 7 .la) cannot 
be explained by the simple mixing of magmatic and in-situ metamorphic waters 
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released from crystallising migmatite. Furthermore, mineral data from sample 
93339L are consistent with the injecting granitic fluid having a similar oL8Q ratio 
to that of the in-situ derived fluid (Section 7.6). Shieh & Taylor (1969) and Turi & 
Taylor (1971) report abnormally high bulk-rock ol8Q values (14.0-15.0%o) from 
contact metamorphic rocks within 1OOm of an igneous contact. They account for 
this anomaly by invoking the inward migration of high o18Q metamorphic fluids 
into the marginal areas of the granite. However, oi8Q ratios of metamorphic H20 
in Mt Stafford rocks, estimated from mineral data (Table 7.1), are much lower 
than those of the hybrid diatexite bulk-rock ol8Q values. It is possible, given the 
range of o 18Q metasedimentary values across the terrane, that the hybrid diatexite 
preserves an unusually high pre-metamorphic isotopic signature. 
In contrast to the lack of pervasive retrogression associated with the 
northern granite, discrete zones of retrogression that extend along lithological 
layering up to 300m from the eastern granite contact may represent the extent of 
fluid infiltration from this pluton. The timing and method of emplacement of the 
two magmas may explain this contrast. The northern granite intruded as a sill, and 
this may have inhibited conventional upward circulation of fluids through the 
exposed metasedimentary rocks which were underneath the granite when it 
intruded. The eastern granite is inferred to have injected through the country rock 
resulting in non-conformable contacts with the Mt Stafford Beds. The eastern 
granite intruded after 0 lb· and therefore after recrystallisation of metamorphic 
rocks and crystallisation of migmatitic melts following M La· This would have 
significantly reduced the permeability of these rocks, and possibly concentrating 
the infiltration of magmatic and/or metamorphic water to discrete lithological 
layering. 
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Metamorphic fluid 
Metamorphic fluids are derived from dehydration reactions and/or water of 
crystallisation from partial melting (Peters & Wickham, 1995). The input of 
magmas and h\gh geothermal gradients promotes convective circulation of 
metamorphic fluids (Norton & Taylor, 1979; Wickham & Taylor, 1985) . The 
gross effect of a localised heat source, such as inferred for Mt Stafford 
metamorphism, is to heat and dehydrate the immediate surrounding rocks, driving 
the hot, less dense volatiles upwards and causing convective movement of 
surrounding cooler fluids towards the heat source (Taylor, 1971). In this way, a 
halo of homogenous isotopically altered country rock may be created extending 
away from the intrusive contact into the surrounding rocks for up to three pluton 
diameters (Taylor, 1971). It is therefore conceivable that magmatic fluids released 
from the northern and eastern granite at Mt Stafford could have caused 
reequilibration and homogenisation of oxygen isotopes into Zone 2. The large 
range of metasedimentary bulk rock ol8Q values (Fig. 7 .1a) would appear to 
preclude this scale of isotopic homogenisation. There is no consistent evidence of 
a decrease in o 18Q values in metapelite with increasing grade (Taylor, 1974; 
Buick & Cartwright, 1996; Table 7.1-7 .2), even though pelitic rocks vary from 
greenschist to granulite facies across the aureole. In contrast, the close comparison 
of o 18Q values between adjacent metapelite (melted) and metapsammite 
(unmelted) pairs suggest that they equilibrated from the same o18Q source. 
The high ol8Q values of the mafic silJs and granitic rocks when compared 
to the crustal average suggest that they equilibrated with an external reservoir 
enriched in 18Q. The most obvious source for this enrichment are metamorphic 
fluids derived from dehydration reactions in the surrounding metasedimentary 
rocks. In the case of the granitic rocks, there is only slight overlap with 
metasedimentary o18Q values and the metamorphic fluid could have been 
acquired at any stage during ascent and emplacement of the magma. However, as 
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the mafic magma which shows a clear enrichment in 18Q compared to the average 
crustal range (Fig. 7.1 a), it is unlikely that there would have been large-scale 
interaction with metamorphic fluids until they were emplaced into the Mt Stafford 
Beds (see Gregory & Taylor, 1986). Interaction with a metamorphic fluid after 
emplacement is consistent with local isotopic equilibrium operating on at least a 
metre-scale, probably during or after Mta when the majority of dehydration 
reactions in metasedimentary rocks was inferred to occur. 
7.8 Summary 
The heterogeneous ol8Q bulk-rock and mineral ratios for metasedimentary 
and mafic rocks in the Mt Stafford terrane precludes the possibility of their 
equilibration with a pervasive, externally-derived infiltrating pore fluid such as a 
magmatic or meteoric fluid. Instead, isotopic equilibration was probably achieved 
on a metre to decimetre scale in rocks from zones 1-4, supporting field evidence 
for near isochemical conditions during and after metamorphism and 
migmatisation in these zones. Low ~Qtz-Kfs values for metasedimentary rocks 
from zones 2b-4 suggest they were closed to oxygen equilibration shortly after 
peak-metamorphism. This is attributed to the low water activity inferred to have 
attended metamorphism, which prevented isotopic equilibration between quartz 
and K-feldspar below -750°C. This supports petrological evidence for vapour-
absent conditions having accompanied MIa metamorphism in zones 2b-4. In 
contrast, the Zone 5 hybrid diatexite appears to have been influenced by fluid 
infiltration from the northern granite and preserves anomalously high bulk-rock 
ol8Q values and possibly slightly higher water/rock ratios than lower-grade 
equivalent rock-types. It is possible that heterogeneity in both hybrid diatexite 
ol8Q values and other metasedimentary rocks at Mt Stafford are preserved from 
pre-metamorphic events. 
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CHAPTER EIGHT 
CONCLUSIONS 
8.1 Introduction 
This chapter summarises the main interpretations concerning the evolution of 
migmatites at Mt Stafford and also outlines the sequence of inferred geological events, 
drawing from both previous work and new interpretations from this thesis. 
8.2 Partial melting at Mt Stafford 
Throughout most of the area, leucosome formed as a consequence of closed system in-
situ partial melting that was most extensive in metapelite layers. A progression of 
migmatite types is observed in a unit called bedded migmatite comprising interbedded 
metapsarnmite and metapelite, which is continuous throughout the area. Nebulitic 
migmatite and metatexite occur in andalusite-bearing metapelite, and bedded to schlieren 
migmatite and locally-derived diatexite occur in sillimanite-bearing metapelite. Schlieren 
migmatite dominates the high-grade rocks; it is intermediate between bedded migmatite 
and locally-derived diatexite. Migmatite adjacent to a syn-metamorphic granite formed as 
a result of the mixing of in-situ partial melt from metapelite and injected igneous material. 
The resultant hybrid diatexite has gradational boundaries with both the metasediments and 
the granite, the proportion of injected material increasing toward the granite contact. 
Heat, protolith, and fluid conditions were the most influential factors in the 
development of the Mt Stafford migmatites. Metapelite rock types were the most 
susceptible to melting, and the inferred solidus reflects vapour-present conditions of 
initial melting at -3 kbar pressure and temperature -640°C. Metapsammite and cordierite 
granofels rock-types were comparatively poor melt producers. Mafic rocks only display 
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evidence of limited partial melting in Zone 4, where estimated temperature of M1a 
metamorphism was in excess of 800°C. 
Partial melting of metapelite during vapour-present conditions did not produce 
large quantities of melt, and leucosome proportions for zones 2b-2c migmatite are less 
than 20% of the outcrop. In contrast, vapour-absent partial melting at higher temperatures 
(in zones 3-4) produced schlieren migmatite and diatexite in metapelite rock-types, 
indicating melt proportions had exceeded the RCMP (>26-40% melt; Arzi, 1978). 
Vapour-absent melting was controlled by biotite dehydration reactions, resulting in K-
feldspar-rich leucosomes containing peritectic cordierite, spinel, garnet and 
orthopyroxene. 
The dominant melting reaction during peak metamorphisn was the univariant Bt + 
Sil + Qtz -> Spl + Crd + Kfs + melt. The reduction of modal biotite following this 
reaction and the aluminous bulk-composition of the common bedded migmatite restricted 
its potential to witness garnet-forming and orthopyroxene forming reactions. It may be a 
common feature of migmatite terranes that melt production in metapelite is dominated by 
the crossing of the initial vapour-absent melting reaction. For example, for many mid-
crustal terranes ( -4-8 kbar pressure), it is inferred that melt production is dominated by 
the univariant reaction Bt + Sil + Qtz -> Grt + Crd + Kfs +melt (Waters, 1988; Powell & 
Downes, 1990; Watt & Harley, 1993). As it has been demonstrated at Mt Stafford, melt 
production is limited by the availability of a hydrous reactant and the bulk composition of 
the reaction volume during metamorphism. 
8.3 Geological History 
Introduction 
This section draws from previous work in the Anmatjira Range (Collins & 
Vernon, 1991; Collins & Williams, 1995) and new data from this study to present a 
revised geological history of the Mt Stafford terrane. Most of the data collected supports 
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the previously inferred geological history of Collins & Williams ( 1995), however revised 
tectonomagmatic interpretations to come from this thesis include: 
(1) There was no gross lateral compressive deformation associated with M1 aiD1a as 
previously inferred by Collins & Vernon (1991). Instead, D1a was associated with 
localized extension which predated the intrusion of the northern granite. 
(2) Intrusion of the northern granite occurred after peak metamorphism (MJ a) but before 
crystallisation of migmatites. Therefore the northern granite was not the major heat source 
for Mia· 
(3) Intrusion of the eastern granite was pre- to syn-D2 and post-dated both the intrusion 
of the northern granite and F1b folding. Thus, the 1818±15 Ma age obtained from the 
eastern granite by Collins & Williams ( 1995) reflects the minimum age of D2 in the Mt 
Stafford terrane. 
Revised geological history 
The Lander Rock Beds (c. 1870 Ma) were deposited as turbidites in a deep marine 
environment. Etheridge et al. (1987) considered their formation as rift-fill sediments 
deposited during extension of pre-existing, possibly Archaean, continental crust. These 
sediments underwent burial and lithification before intrusion of mantle-derived 
basalt/gabbro, which was the next recognised major event. The intrusion of mafic magma 
caused only minor local heating of the terrane, evidenced by narrow contact aureoles 
surrounding the mafic sills in Zone 2. 
Following the intrusion of mafic magma, peak metamorphism (M 1 a) resulted in a 
10 km wide low-PI bigh-T regional aureole. The Mt Stafford Beds were at approximately 
10-15 km depth during MJa, deep enough to avoid penetration and circulation of meteoric 
waters. The metamorphic grade ranged from greenschist to granulite facies , and varying 
degrees of migmatisation occurred in all amphibolite and granulite facies metapelite. 
Migmatisation was associated with localised extension, although most of the partial melt 
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formed by migmatisation failed to migrate further than one metre, remaining 
approximately in-situ. The strongly peraluminous S-type northern granite intruded into 
the Mt Stafford beds while they were still partially molten, causing magma mixing of the 
in-situ and injected melts. The granite contains cordierite and minor garnet as 
peritectic/restitic minerals, and thus the melt is possibly locally derived from similar 
vapour-absent melting reactions as those inferred for Mta Mt Stafford migmatites. 
According to most experimental petrogenetic grids, the maximum pressure of ga.met 
and/or cordierite producing melting reactions is -8 kbar (30 km depth) (Thompson, 1982; 
LeBreton & Thompson, 1988; Carrington & Harley, 1995). It is therefore inferred that 
melt contributing to the northern granite magma was derived from mid-crustal depth ( 15-
30 km). Although the direct cause of Mt. metamorphism is unknown, the volume of melt 
contributing to the exposed northern granite ( -60 km3) would require large amounts of 
mantle-derived heat focused in the mid-crust (Sandiford & Powell, 1986; Thompson & 
Connelly, 1995). This mantle heat-flux would have been the most likely major heat 
source for Mla· Following peak metamorphism, fluid released upon crystallisation of the 
migmatites and the northern granite caused passive retrogression of the Mt Stafford Beds. 
At this time the terrane had cooled into the andalusite stability field. 
Southwest-northeast directed compression (Dtb) caused kilometre-scale, upright 
folding across the terrane. It was the only folding event to affect rocks outside the thermal 
aureole, and F 1 c folds occur 10-15 km to the south of the Mt Stafford terTane in the 
Reynolds Range (Clarke & Powell, 1991). At 1818±15 Ma, the eastern granite was 
intruded. Major east-west compression, focused in the adjacent Weldon terrane, was 
synchronous with or slightly post intrusion of the eastern granite. At Mt Stafford, F 1 c 
folds were reorientated into north-south attitudes along the eastern margin of the Mt 
Stafford terrane. The gross effect of D2 on the Mt Stafford terrane was the thrusting of 
the Ingellina terrane onto the Mt Stafford terrane (Collins & Vernon, 1991 ). The 
metamorphic response to D2 loading was the growth of sillimanite in the contact aureole 
of the eastern granite. 
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The later geological history of the Mt Stafford terrane is poorly known, however, 
an episode of hydrothermal activity associated with the intrusion of minor cassiterite-
bearing pegmatite has been dated at c. 1548 Ma (Collins & Williams, 1995). During the 
Alice Springs Orogeny (c. 400-300 Ma; Collins & Shaw, 1995) reactivation of major 
shear zones across the Arunta Block caused the uplift of the Anma~ira/Reynolds Range 
region, possibly close to the present-day erosion surface (Collins & Teyssier, 1989). 
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Rock# USGD # 
96-1106 
1106 71248 
1107 71249 
1107A 
1107C 
11076 
96-1109 
1109 
GC925 
JG9419 
71250 
70876 
71242 I 
71243 
JG9425 
JG9426 
JG9430 
JG9441 
93353 
93355 
2048 
GC926 
[ 71258 . 
JG93154 
JG93180 
JG9404 
JG9471 
JG93182 
93342 
93343b 
93360 
93361 
1157c 
2028 
2028A 
2029 
2032a 
2033A 
20336 
JG93217 
JG93141 
JG93131 
JG93134 
JG93150 
JG93151 
JG93144 
JG93156a I 
JG93156b 
JG93158 
1109MEL 
1109PS 
1109PE 
1110 
1139 
1140 
1140A 
11416 
1158AI 
71265 
71240 
'""' l 
71238 
l 
71254 1 
71255 
Assemblage (Kretz, 1983) 
61-Kfs-Ms-llm-Otz 
And-6t-Ms-Qtz-Mag-Crd 
Qtz-6t-Ms-llm-Tur 
Kfs-Qtz-6t-llm-Ms 
6t-Ms-Qtz-Crd 
6t-Qtz-Ms-Kfs 
6t-Ms-Kfs-And-ll 
And-Crd-Kfs-6t-Otz-llm-Tur 
Crd-Kfs-6t-Otz-llm 
Hbi-61-PI-Qtz-Kfs-llm 
Crd-Qtz-6t-Kfs-llm-PI 
Qtz-6t-Kfs-llm-PI 
PI-Hbl-6t-Ap-llm 
Ms-61-Tur-Qtz 
Qtz-6t-Ms-llm-Tur 
Otz-Kfs-PI-6t-llm-Crd 
Crd-Kfs-And-Spl-6t-Qtz 
Kfs-And-6t-Crd-llm-Spi-PI-Otz-Tur 
And-6t-Kfs-PI-Qtz 
Kfs-6t-And-llm-Rt-Crd 
Kfs-Crd-6t-Qtz 
Crd-And-Kfs-6t-Qtz-llm 
And-6t-Crd 
And-6t-Ms-Qtz-llm 
6t-Kis-Otz-Tur-And-Crd-Ms 
Qtz-6t-Kfs-Crd-llm 
6t-Ms-And-Otz 
Crd-And-61-Kfs-Ms-Qtz-llm 
And-6t-Kfs-Qtz-Crd-llm-Ms-Tur 
Kfs-And-Qtz-Bt-Crd-Ms-11-Rt 
Kls-Crd-Grt-()px-Bt-PI-Spl-llm-Mag 
Crd-Kfs-Qtz-Sii-Tur-6t-llm-PI 
And-6t-Grt-Kfs-llm 
Crd-And-6t-Kfs-llm-Qtz 
Kls-6t-And-Qtz-Crd-llm 
Crd-Bt-Kfs-Tur-Qtz-llm 
And-llm-6t-Kfs-Qtz-Ms-Crd-Tur 
Hbi-PI-6t-llm-Qtz-Cox 
+ 
~ 
Rock Type 
pelite 
peltte 
semi-peltte 
psammopehle 
pelite 
pelite 
peltte 
peltte with incipientleuco 
pehle 
bedded metased. screen 
cordierite granofels 
contaminated mafic 
psammopelite 
cordierite granofels protolith 
amphibolite 
hybrid diatexite 
Tur bearing pelite 
semi-pelite 
bedded migmatite protolith (incipientleuco) 
cordierite granofels 
sheared, retrogressed Crd granofels .. leuco 
pelite 
bedded migmatite protolith 
metased. screen 
metased. screen 
bedded migmatite protoltth 
pelite 
psammopelite 
pelite 
pelite 
pelite 
pelite 
retrogressed cordierite granofels 
retrogressed cordierite gneiss 
diatexite 
tourmaline bearing pelite 
And bearing pelopsammite 
pelite 
And bearing pelite 
cordierite hornfels 
psammopelite 
diatexite with v. large Crd's 
diatexite w1th large Sil 
Cordierite granofels protolith (incipientleuco) 
melanosome 
psammite 
pelite 
pelite 
pelite 
pelite 
pelite 
pelite 
hibolite 
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Rock II USGD# Assemblage (Kretz, 1983) Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P-T Calc 
1158AII Hbl-PI-81-IIm-Otz-cpx amphtbollte 2b 
1158b 81-Kis.Crd-Otz-llm 
' 
petite 2b 
1158CI Hbi-Cpx-PI-81-IIm 
' 
amphibolite 2b 
I 
' 
1158CII I Kfs.Crd-Otz-81-tlm •
petite 2b 
115801 Hbi·PI-Cpx-81-llm-Ep Amphibolite 2b I I I l 1158011 '" 81-Kfs-Crd-Otz-And-llm petite 2b I I 1160 I t 81-Kfs-Otz-Ms-crd-Mag-llm petite 2b I 2034 t Crd-81-llm-Kfs-Otz-Ms retrogressed cordierite gneiss 2b JG9411 mafic 2b JG93138 l bedded mtgmatite containtng F2 fold nose 2c JG942064 71259 
!" 
Grt bearing petite with And>Sil 2c 
1112 I I Cpx-Qpx-Hbl-81-llm mafic I ~~ I 1112A Otz-81-Kfs-llm-Grt-And psammopelite 1112X And>Sil-8t.Crd-Kfs-Otz-llm boudinaged petite 
1112Z 71251 And>Sii-Spi-81-Kfs.Crd-Mag-llm petite 2c 
1112M 71252 And>Sii-Spi-Grt-81-Kfs-Qtz.Crd-Mag-llm petite 2c 
1114A l l And.Crd-Kfs-Qtz-81-Grt-llm pelite I ~~ I 11148 Cpx-Opx-Hbl-81-llm mafic 1114C Cpx-Opx-Hbl-81-llm mafic 
11140 Kfs.Crd-And-81-Sif-llm-Grt petite 2c 
1117a 71253 Crd·And>Sii-Grt-8t·Kfs-Otz-llm-Tur pelite 2c 
1119 l I Otz-Kfs-81-And.Crd-llm-Grt psammopelite I ~~ l 1120 Hbl-lfm-Otz-PI-Grt-Spn mafic 1131A Otz-Kfs-Bt.Crd-And>Sii-PI-Grt·llm-Spl psammopellte 
11318 Opx-Hbi-PHim mafte j 2c 
1146 
1 
Opx.Cpx-Hbi-PHim mafte 2c 
2030 And-Sii-81-Qtz-Kfs-llm-Ms petite 
l 2c 2063a 8t-Qtz-Kfs-Grt.Crd-llm petite 2c 
20638 I Crd-BI·Kfs-Grt·Sii-Qtz cordierite gneiss 2c 2064 Crd-Grt-And>Sii-Kfs-81-Qtz-llm-Spl pefite 2c 2066 Cpx-Opx-Hbl-llm-PI mafic 2c 
OC02 Crd-Kfs-Otz-8t-And·SH-IIm-Spl Crd granofels>diatexite 
I 
3 
OC15 70850 ! 3 ~: 1 70851 l 3 Crd-BI-Kfs-Sii-Qtz-PI-Spi-Tur diatexHe 3 OC145c 70852 Kfs.Crd-Otz-PI-81-Sil-flm diatexite 3 OC125C 70853 Kls.Crd-Otz-Sii-Grt-PI-IIm-St gamet bearing diatexite 3 
OC206 70856 I 3 OC125A 70857 3 OC150 70858 1 Kfs.Crd-Otz-8t-And·S~-IIm-Spf schlieren migmaltte 3 OC210 I 70862 3 
OC127 70863 Kfs.Crd-Otz-81-Sil-llm-Spl schlieren migmalt1e 3 
OC89 70866 l 3 OC948 70867 3 OC98 70868 Otz-Sil-8t.Crd-Kfs-PI-St-Ged garnet absent diatexite 3 
OC46 70879 Otz.Crd-81-Kfs-llm cordiente granofels 3 
OC88 70880 Crd-Otz-8t-Kfs-llm cordierite granofels 3 
OC49 l l Opx.Cpx-Hbl-PI mafic 3 DC 55 Crd-St-Otz-8t-Kfs-Sii-PI-IIm diatexite I ! I DC 56 Crd-Kfs-Otz-81-Sil-flm-Spl cordiente granofels OC17 Opx.Crd-Kfs-8t.Chi-Otz-llm Opx bearing leuco within Crd granofels OC230 Kfs.Crd-Grt-Opx-Otz-Sil-81-llm schlieren migmatite 
OC144 Sii-Otz.Crd-Kfs-llm sheared miamatite 3 
Rock II USGD II Assemblage (Kretz, 1983) Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P-T Calc 
DC235 Otz-Bt-Grd-Kfs-llm bedded migmallte 3 
DC229 I Crd-Kfs-Bt-Otz-Sii-SpHim-PI-Rt schlieren migmatite 3 OC49 Hbi-PI-Gpx-Opx-llm mafic 3 JG93166 retrogressed felsic pegmattte 3 
JG93173 ' mylonttised mafic 3 
JG93175a I Hbi-Kfs-Otz·Bt-Spl-llm-PI·Crd-Rt Hbl beanng Schlieren migmaltte 3 JG93175b Kfs-Grd·BHim-Qtz-PI-Hbl Hbl bearing Schlieren migmatite 3 
JG93175c Hbl beanng Schlieren migmaltte 3 
I 
JG93200 71241 And-Bt-Kfs-Qtz-Grd-Grt-Tur-llm petite I 3 . l JG93226 Opx-Gpx-PI·Bt-Otz altered mafic 3 JG94Z3 71244 1 Crd-Bt·Kf-Otz-llm-Spl cordierite granofels 3 JG9445 Grt-Sii-Bt·Otz-llm-Kfs·Hbl sheared migmatite 3 
JG9455 Otz-Grd·Kfs-BHim cordierite granofels l 3 JG9459 Kfs·Otz·Bt·Grt-Grd·llm·Spt cordierite granofels with F2 fold nose 3 
JG9468 mafic with coarse grained Opx 3 
1154a Opx-Gpx-Hbi-PHim mafic 3 
1154b Hbi-PI-IIm sheared mafic l 3 1154c Qtz-Ms-Bt·Hbi-Kfs-Tur pelopsammite 3 
1188 Spl·llm-Bt·Kfs-Crd·Otz·Grt petite 3 
1188a Crd-Kfs-Spi-Sii-Bt-llm·Mag bedded migmatite 
I 
3 
2013c And-Grd-Kfs-Otz-llm-Spt-Grt pehte 3 
2015 l Crd-Kfs-Bt-Grt-Otz-llm-Spt cordterite granofels 3 2016 Crd·Bt-Otz petite 3 
2038a 
I 69424 
Crd·Bt-Otz-Kfs-Grt·llm bedded metased. screen 3 
2038b Cpx-Opx·llm-Qtz-Bt altered mafic 3 
HW15A mafte I 4 HW6 69425 bedded migmatite 4 HW2 69438 1 Crd-Kfs-Bt-Otz·llm-Spl retrogressed migmatite 4 
HW31 69446 Opx-Gpx-PI-IIm-Hbl mafic 4 
HW35a I 69449 bedded migmatite I 4 HW12 69452 Opx-Gpx-Hbi-PHim mafte 4 HW49 69455 Bt-Grd-Ms-llm-Otz retrogressed pelite 4 
HW47 69460 Crd·Grt·Bt·Kfs-Otz-PI·IIm schlieren migmatite 4 
HW25a 69464 mafic 4 
! HW46b 69466 bedded migmattte I : l HW15 l 69467 Opx-Gpx-Hbi-PHim .. mafte HW47ii 69471 t schlieren migmatJte HW9 69486 1 Kfs-Grd-Bt·Grt-Opx·Sii-Spl-llm J_ bedded migmatite 4 . 
GC921 71225 Crd-Kfs-Bt-Grt·llm 
f 
bedded migmatite 4 
GC928 Otz-PI-Bt-Grt-11 retrogressed migmatrte I : l . GC929A I retrogressed migmatite i l GC929B retrogressed migmatite 4 
GC9211A1 71227 Kfs-Grd-Spi·Bt·Sil·llm-Otz·PI·Grt·Opx bedded migmatite 4 
GC9211A2 I Kfs-Crd-Spi-Bt-Sil- llm-Qtz-PI bedded migmatite I 4 I ! GC9212A retrogressed migmattte 4 GC9212B Crd·Bt-llm-Grt-Otz retrogressed migmatite 4 . GC9213B-1 71228 Kfs-Grd·Grt-Bt-PI-IIm bedded mtgmatrte 4 
GC9213B-2 j Crd-Kis-Grt·Bt-llm-Spi-Otz bedded migmatrte 4 . +· 
GC9214· 1 Sii·Spi-Bt-Grt-Crd-Kfs·Otz-llm-PI schlieren migmatite 
: 1 
. j GC9214-2 71229 1 Sii-Grd-Grt-Kfs-Bt·Spl-llm-Qtz schlieren migmatite I 1: C9215·B+M 71230 Kfs-Grd-Grt·Spi-Bt·llm-Otz schlieren migmatite 4 C9215-MAT Sil·llm-Soi·Bt-Grd-Kfs-Grt-PI schlieren miamatite 4 . 
Rock# USGD# Assemblage (Kretz, 1983) Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P-T Calc 
GC9216 Opx-Gpx-PI-IIm-6 1-Hbl mafic 4 
GC9217-M Kfs-Qtz-Grt-Spl-6t-llm bedded migmat1te 4 
GC9217-l Kfs-Qtz-Grt-Spl-6!-llm bedded migmahte 4 
M69 mafic 4 
M623 metased. screen 4 
M656 bedded m1gmallte 4 
M657 diatexite 4 
MB83 finely (Scm) mter1ayered metased. screen 4 
M690 I 61-Qtz-Kfs-llm hybrid diatexite 4 M6121 schlieren migmat1te 4 
M6123 6!-Crd-Kfs-llm schlieren migmatite 4 
M6136 altered mafic 4 
M6137 
I 
schlieren migmallte 4 
M6154 Opx-Gpx-Hbl-PI-IIm mafic 4 
M6155 Opx-Gpx-Hbi-Ep-PI-IIm mafic 4 
M6167 Qtz-6t-Ms retrogressed psammite 4 
M6183 Qtz-6t-Ms-llm retrogressed psammite 4 
M6185 retrogressed migmatite 4 
M6186 mafiC 4 
M6188 I schlieren m1gmatite 4 
M6189 schlieren migmatite 4 
DC176C 70854 1 Crd-Sii-Kfs-Gdd-llm-Spi-61-Qtz-PI Gdd bearing diatex1te 4 
DC1766 Sii-Crd-Gdd-61-Spi-Qtz-Kfs-llm-PI Gdd bearing diatexite 4 
DC116A 
1
70855 Kfs-Grd-Spi-Gdd-Sil-llm-61 Gdd bearing diatexite 4 
DC178 70859 
I : I DC182 70860 DCIBO 70861 I 4 
DC190 70864 4 
oc1n 70865 4 
DC176D 70869 Kfs-Qtz-Grd-Spl-llm-61 diatexite 4 
JG9357A 70870 Qtz-6t-Sii-Spi-PI-Kfs-llm bedded migmatite 4 -
GC9115 I 70872 Grt-6t-Grd-Opx-PI-IIm 
r 
schlieren migmatite 4 . I JG93101 70873 Kfs-Grd-6!-PI-Grt-Opx-Spi-Qtz-llm schlieren migmallte 4 . I I r 1190F-1 70874 Kfs-Grd-6!-0tz-Grt-llm-Spi·Sil schlieren migmatite 4 . "' I 1190F·2 71231 Kfs-Crd-6t-llm-Spi-PI schlieren migmatite 4 t . .. .. JG93210 70875 Kfs-Grd-61-Grt-Spi·Sii-Qtz-llm schlieren migmatite 4 . . I t JG93216A l 708n Grt-PI-Crd-Kfs-6t-Otz-llm Grt bearing leucosome 4 
JG9344 70878 schlieren migmatite 
-
4 
.. 
r DC I 56 Crd-Grt-Kfs-61-Qtz-PI-IIm retrogressed migmatite 
t 
4 l .. JG9301GC I Kfs-Grd-6t-llm-Spi-Qtz bedded migmatite 4 t I f .. JG9301 Crd·Kfs-6t-llm-Qtz-Spl bedded migmatite 4 r ~ JG9302 diatexite 4 JG9303 71232 Crd-61-Kfs-Sii-Grt-llm-PI bedded migmatite 4 
.. 
JG9304a I contaminated mafic mafiC 4 I diatexrte I 
.. 
JG9304b 4 
.. l + JG9305 sheared migma!lte 4 t JG9306 cordierite granofels 4 I l JG9309 schlieren migmallte 4 JG9310 i'"'' I Crd-Kfs-Ged-6!-Grt-llm-Spi-PI bedded metased. screen : 1 . . ~ JG9311 cordierite granofels I t t .. JG9312 Crd-6t-Grt-Kfs-Qtz-PI-IIm-Spl bedded metased. screen t + JG9313 Crd-Kfs-Qtz-llm-61 cordierite oranofels 4 
Rock it USGDII Assemblage (Kretz, 1983) Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P-T Calc 
JG9314 Grt bearing diatexite 4 
I 
JG9316 I cord1ente granofels 4 I JG9318 71234 Crd-Kis·Otz-llm·Bt bedded m1gmat1te 4 JG9324 retrogressed migmatite ! 4 I I JG9325a Kls-Crd-Bt-Spl·llm·Sii·Opx Crd granolels>diatexite 4 I 
JG9326a Grt bearing diatexlle 4 
JG9326b d1atexite 4 
JG9327 Crd-kls-Spi·Bt-Qtz-llm raft I 
4 I 
JG9333 bedded migmahte 4 I I I JG9334 I Crd-Kfs-Spi·Bt-llm-Hbl raft 4 JG9337 malic 4 JG9342 bedded migmatite I 4 JGXRF1A diatede 4 
JGXRF1B I diatexite 4 
JGXRF1C diatexite + mesosome + melanosome 4 
JGXRF2 bedded migmatite 4 
JG9343 Sii-Kfs-llm·Bt cordierite granofels l 4 JG9345 diatexne 4 
JG9346 Get bearing mesosome of bedded migmatite 4 
JG9347 71235 I Kls-Crd-PI·Otz-llm·Spi-Bt-Opx-Grt diatexite I 4 JG9348 diatexrte 4 JG9349 Otz·Bt-Kfs-Ms-llm-PI psamm1te 4 
JG9357b 
1
71236 bedded migmatrte 4 
JG9358 cordierite granofels 4 
JG9359 t bedded migmatne I 4 JG9375 cordierite granofels 4 
JG9376 diatexrte 4 
JG9382a 
_ .__ ~ ... _ ._ 
·-
cordierite granofels 4 
JG9382b I cordierite granofels l 4 JG9385 mafic 4 
JG9386 Otz-Kfs-Crd-Bt-Grt-Opx-llm·Spi-PI Crd granofels>diatexite 4 
JG9387 bedded migmatne 4 
JG9388 retrogressed migmatne I 4 I JG9390 cordierite granofels 4 JG9391 l bedded migmatrte 4 
JG93100 mafic with leucosome 4 
JG93t13 Crd·Bt·Otz-Grt-Opx·llm-Spl bedded migmatne containing F2 fold nose 4 
JG93114 diatexite I 4 JG931n schlieren migmatne with F1 fold nose 4 
JG93178a I Sii·Crd·Spi·Bt-llm·PI·Kfs·Otz petite 4 
JG93178c Bt·Otz-Crd-Kfs·llm·PI·Spl psammite port1on of bedded m19matite 4 
JG93212 retrogressed migmatite 4 
JG93215a Grt·Otz·Bt-Crd-Kfs-Spl-llm-PI Grt developed in boudin neck 4 
JG93215b Sii·Grt·Spi-Bt-llm-Crd-Kfs·PI Grt developed in boudin neck 4 
JG9456 
1 71245 ! 
Opx-Sii·Bt-Crd-Qtz·Rt-llm RSZ through pehte 4 
JG9464 Sii-Kfs-Crd·Bt·llm-Qtz 
•· 
Sil bearing petite adj. to E gramte I 4 
JG9465 ~ retrogressed bedded migmatite 4 NA61D Spi-Crd·Kfs-Sii·Grt·llm·Bt leucosome infilling boudin neck 4 
NA611 Opx-Crd·llm-Qtz-Kfs-Bt r 4 NA61B I Hbi·Pf.llm -t retrogressed mafic 4 NA61C Crd·Bt-tm-Qtz t retrogressed petite 4 1181C Crd-Grt·Bt-Qtz·Kfs-PI-Opx-llm cordierite granofels I 4 1190a Crd-Bt-llm-Kfs-Qtz bedded miomatite 4 
Rock# USGO # Assemblage (Kretz, 1983) I Rock Type Zone Thin Section Point-Counted ProbedXRF(flsotope P-T Calc 
1190b Sii-Crd-81-Kis-Qtz-llm-Spl bedded migmahle 4 
1190c Crd-Kis-llm-Spi-Oiz-81-Grt bedded migmattle I 4 
1190d 71256 Opx-Crd-81-llm-Qtz-Kis bedded migmalile 4 
1190e Otz-Grd-81-Grt-llm bedded mogmalole 4 
11901 I Crd-Spl-llm-Kfs-Oiz-81-Grt-Opx bedded migmalile 4 1191a Crd-81-Kfs-Grt-llm-Otz bedded migmalite 4 
1191b Opx-Kis-Spi-Otz-81-Grd-l lm bedded migmahte 4 
1191c 71257 Grt-Crd-81-Kfs-PI-Qtz-llm-Tur-Spl schlieren migmatite 4 . 
1192 Opx-81-Hbi-Cpx-PI-IIm mafic 4 
11998 l mafic 4 1199Ci Crd-Otz-Kfs-8t-llm-Tur pelite 4 1199Cii Crd-And-8t-Kfs-Otz-llm cordierite granofels 4 
1201a 81-Grd-llm-Grt-Qtz-Kfs-Spl bedded migmalite 4 
1201b Crd-Kfs-Otz-81-Grt-llm bedded migmalite 4 
1202a 
I 
Kfs-Opx-Crd-Spi-81-0tz-Grt-llm bedded migmalite 4 
2070a Crd-81-Kfs-Spl-llm-Otz-Grt-Sil 4 
2070b 81-Crd-Kfs-Qtz-Spl-llm diatexite 4 
2070d Crd-81-Grt-Kfs-Spl-llm bedded migmalite 4 
2071 Cpx-Opx-PI-HbHim mafic 4 
95176A Gdd-Crd-Sii-Spi-Qtz-Kfs-llm-81 Gdd bearing leucosome 4 
951768i{a) 71262 Gdd-Crd-Sii-Spi-Qtz-Kfs-llm-81 Gdd bearing leucosome 4 
951768i(b) 71263 Gdd-Crd-$ii-Spi-Otz-Kfs-llm-81 Gdd bearing leucosome 4 
951768ii(a) Gdd-Crd-Sii-Spi-Qtz-Kfs-llm-81 Gdd bearing leucosome 4 
951768ii(b) 
t 
Crd-Sii-Spi-Qtz-Kfs-llm-81-Gdd Gdd beanng leucosome 4 
95176F Qtz-Grd-81-ilm-Grt-Opx mesosome of Gdd Locality 
I 4 9501 Otz-Grd-Grt-Opx-PI-81-ilm mesosome of bedded migmalile 4 9502b I 71264 1 Kls-Grd-Grt-81-0tz-llm bedded migmalite 4 9503i Kfs-Bt-Grd-Qtz-llm-PI-Grt-Ms bedded migmatite 4 9503ii Kfs-81-Grd-Otz-llm-PI-Grt-Ms bedded migmatite 4 
9504 
t 
Kfs-81-Grd-Qtz-llm-Spi-Grt-Opx bedded migmatlle 
11 
9505a Kfs-Bt-Grd-Otz-llm-Spi-Grt-PI bedded migmatite 
9505b Kfs-8t-Grd-Otz-llm-Spi-Grt bedded migmatite 
9506 Crd-kfs-81-Grt-Spi-Qtz-llm bedded migmatrte 
HW43 69419 ! PI-Opx-Hbi-Cpx-llm mafic 
HW38ii 69426 hybrid diatexite 5 
HW47i 69439 SChlieren migmatite 5 
HW44ii 69440 Crd-81-Kfs-PI-IIm-Rt hybrid dialexrte 5 
HW42 69457 PI-Opx-Gpx-Hbl-81-llm mafic 5 
HW46 69462 Kls-Grd-81-llm-Spl bedded migmatite 5 
HW48ai 69465 1 hybrid diatexrte 5 
HW48aii 69476 Kfs-Crd-81-ilm-PI hybrid diatexite 5 
HW48b 69478 hybrid diatexite 5 
HW39 1 69483 Otz-Kfs-81-Grt-llm-Tur SChlieren migmatite 5 
HW44i 69488 Crd-Kfs-81-PI-IIm hybrid diatexite + raft 5 
M87 Kfs-81-Qtz-PI-IIm hybrid diatexile + raft ~ I M811a 
r 
hybrid diatexite 
M813 hybrid diatexite 
M818 schlieren migmalile 5 
M829 Otz-81-Kfs-llm-Grt hybrid diatexite 5 
MB32 metased. screen 5 
M838 ~ metased. screen MB43 hvbrid diatexile 
Rock# USGO# Assemblage (Kretz, 1983) I Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P·T Calc 
MB45 meta sed ralt m granite 5 
MBSB metased rah w1th gt and S1ll in granrte 5 
MB60 meta sed rah in grantte with lge Sill 5 
MB63 bedded metased. screen 5 
MB73 Qtz-Bt·Kis-And-llm I hybrid diatex1te + raft 5 MB74 hybrid d1atexite w1th lge qtz augen 5 I 
MB87 malic 5 
MB91 
I 
altered malic 
I 
' 
i 5 • MB92 altered mafic 5 I 
MB94 
.. 
mafic with large melt segregations 5 
MB98 ~ bedded metased. screen 5 
·' MB109 Kfs-Bt-Otz-llm-PI hybrid diatexite 5 
.. l MB110 I 
... 
Hbi-PI-Qpx-Cpx·Ep-llm mafic 5 
+ .. 
MB111 cd gfls with patches of leucosome 5 
MB119 I And-Crd-Bt-Kfs-Qtz-Grt-llm-PI schlieren migmatite 5 . ... +-MB131 hybrid diatexite 5 MB143 bedded migmatite 5 l MB144 hybrid diatexite 5 MB149 ... Grt-Kfs-Bt-Crd-Otz-Spl-ilm schlieren migmatite 5 .. 
MB156 metased. raft 5 
·c .. 
MB158 hybrid diatexite 5 
... ... 
MB190 
l 
hybrid diatexite 5 l MB191 hybrid diatexrte 5 MB193 hybrid diatexite 5 MB195 Cpx-Hbi-Qpx-PHim mafic 5 MB197 Cpx-Bt-Qpx-Hbl-llm mafic 5 
MB198 T Kfs-Crd-Bt-Otz-And-Grt-llm hybrid diatexite 5 . . I 
MB203 +- schlieren migmatite j I t 5 MB204 I mafic 5 . MB206 metasedimentary raft 5 MB207 Qpx-Cpx-Bt-Hbl-llm mafic 5 . . 
MB208 Crd-BHim raft 5 . 
MB209 mafte 5 
MB210 l mafic 5 MB212 Bt-Kfs-Crd-PI-Otz-Tur hybrid diatexite 5 . . . 
MB213 metasedimentary raft 5 
MB214 Kfs-PI-Qtz-BHim - hybrid diatexite 5 . . 
MB215 I metasedimentary raft 5 MB216 metasedimentary raft 5 
MB217 hybrid diatexite 5 
,, 
+-
MB219 PI-Kfs-Bt-Grt-Qtz hybrid diatexite 5 f-
MB223 Qtz-Bt-Kfs-llm contaminated granite with xenoliths 5 . 
MB224 Metased. raft in granite ! I l MB226 hybrid diatexite I MB227 Qtz-Bt-Kfs-PI-IIm-Grt hybrid diatexite . . . . MB228 Qtz-Bt-Crd-Ep-Tur-RHim hybrid diatexite . . 
JG93336 1 Cpx+OpX+Ged+PI+Otz altered mafic 5 
. . 
.. 
JG9318a hybrid diatexite 5 
JG9318b Sil-Crd-Kfs·Spi-Bt-llm-Grt 
t - hybrid diatexite 5 
... 
I ... JG9319 Qtz-PI-Crd-Bt-Kfs-llm-Grt-Spl hybrid diatexrte 5 t JG9321 sheared migmatite I ~ I JG9322 hybrid diatexite? JG93119 Bt-Crd-Kfs-PI-Grt-Sol-llm-Maa bedded metased. screen 
Rock • USGDII Assemblage (Kretz, 1983) Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P-T Calc 
JG9402 mafte 5 
JG9420 Hybnd diatex1te 5 
JG9422 sheared mafic containing bornite 5 
JG9423 
I mafic With pyroxene cumulates 5 
JG9439 Hybnd diatexite 5 
I 
JG9440 PI-Crd-Kfs·Bt-Otz-Ged·llm • 
Hybnd diatex1te 5 I 93306 Kfs-Crd-Bt-Otz : bedded metased. screen 5 93307 Opx·PI·Bt·Otz • contaminated mafic 5 
93308 ' hybrid diatexite + raft 5 I 
93311 I 71246 ! Crd·Kfs-Bt·Grt-Ged-Otz·Pf-llm i metased. screen 5 
93316 71247 Crd·Grt·Pf-Sif·Bt-Kfs-Hbi-Otz-St t· diatexite 5 
93317 + bedded metased. screen I 
5 
93322a Opx-PI-Bt-Otz t mafic 5 
93323 Kfs-Crd·Bt·Grt-Opx-And-llm + bedded metased. screen 5 
93330 Crd·PI·Kfs-Sii-Spi-Bt·llm metased. screen 5 
. ~ I l I t ~ I· 93333a Crd-Sii>And-Spf-Qpx-Kfs-Bt-PI metased. screen 5 
93333b I Crd-Kfs·Bt·PI-Qtz-llm t hybrid diatex1te I 5 93334 Opx-Cpx-PI-Bt·Kfs-llm mafic 5 . + I + t-93335 Crd-Kfs-Bt-SpHim metased. screen 5 . I· .. .. 
93339L Crd·Bt·PI-Qtz-Kfs-llm l 
hybrid diatexite 5 
!: 
. 
93339M Crd-Bt·PI·Otz·Kfs-llm hybrid diatex.ite ~ I 2073 
1 71260 j Grt-Crd·Bt-Kfs-Otz·PI·IIm cordierite granofels 
. . 
20738 Opx-Cpx-PI-Qtz-llm mafic 5 
.. 
'· 
2073c Crd-Grt-Otz-llm-Kfs t. bedded migmatite 5 
. 
+ 
2124A 
t 
Crd·Bt·Kfs-Qtz-llm r retrogressed cordierite gne1ss 5 
2124Bi Crd·Bt·Kfs-Qtz-llm t pelite enclave within granite 5 I . l 2124Bii Crd-Kfs·B1·And>Sii·PI·IIm-Spi-Otz ~ pelite enclave within granite 5 
2124C Crd· Bt-Kfs-Qtz-llm pelite enclave within granite 5 
. 
~ 
21240 71261 And-Otz-Kfs-Crd-Bt·Grt-Opx-PI·IIm And-Crd pegmatite within granite 5 
. I ~ 2126a Crd-Bt·Kfs·Otz·llm-Sii-Spl cordierite granofels 5 . ~ 2126b Crd-Bt·Kfs-Qtz-llm cordiente granofels 5 l JG9467 Otz-PI-Kfs·Spi-Crd-llm eastern granite . . . JG9473 Opx bearing intrusive 
MB81 late injection vein in granite 
MB221 Bt-Kfs-PI-Qtz-llm contaminated granite 
. 
MB225 
I 
northern granite 
MB229 Otz·Bt·Kfs-llm retrogressed granite 
. . . 
MB49 mylonJSed granite 
1172 Kfs-Qtz-BHim northern granite 
. 
JG93178b 71239 Qtz-Kfs·PI·Bt·Ms-Tur felsic intrusive 
. 
GC924 Qtz·PI·Bt·Kfs·ll microgranite 
. 
. 
HW30 69415 
HW13 69416 
HW37 1 69417 
HW40 69418 
. 
HW33A 69420 
HW23 69421 t HW22A 69422 + 
HW27 69423 
HW21a 69427 
HW10 69428 
HW26 69429 I ~ f f f I I I t 
HW29a 69430 
Rock II USGD # Assemblage (Kretz, 1983} Rock Type Zone Thin Section Point Counted Probed XRF 0 Isotope P·T Calc 
HW19 69431 
HW34 69432 
HW38i 69433 
HW45 69434 
HW7 69435 
HW18 69436 
HW29a 1 69437 
• • HW22b 69441 
' GC112 69442 • . 
• t GC3 69443 
• • t· HW41 69444 
HW16 69445 { . 
HW7 1 69447 • HW32 69448 
+ 
HW17b 69450 i HW29bii 69451 t 
HW33b 69453 
t 
HW21b 69454 
t· 
HW28b 69456 t 
HW1 69458 
HW46a 1 69459 Qtz-Kfs-PI-Bt-Ms-llm I northem granite . GC2 69461 HW24a 69463 1 Kfs.Qtz-Bt-PI-IIm-Crd northem granite 
HW17a 69468 
HW36 69469 
.. 
HW20b 69470 t t l l l HW24b 69472 Qtz-Kfs-Bt-Ms-llm northem granite . +-HW35b 69473 t· 
HW3 69474 l HW25b 69475 HW28a 69477 HW20a 69479 
HW19a 69480 I +-HW29bi 69481 t HW5 69482 
HWB 69484 
HW4 69485 
HW11 69487 
JG93137 felsic intrusive with raft 
JG93148 
1 
felsic intrusive 
l JG93157 felsic intrusive with raft JG93160 felsic intrusive with raft JG9403 sheared granite JG9409 Otz-Kfs-PI-Bt-Ms-llm-Tur felsic intrusive . JG9415 71237 Tur-Ms-Oox·Bt-Otz·Rt Onv hA~rinn intnJ.C:.ivA within ~hAAr 7nnA . 
'Bl'BP IBPOW 
zv 
, -- - -
----,-- ~ 
ZONE 
I 
1 1 1 1 ZONE 1 ZONE 1 I 2A I 2A I 2A 2A 
SAMPLE 2289 1154c 2048 353 AVERAGE AVERAGE 1157c 2032a 360 360 2029 93342 
metapelite pelopsammite metapelite MAFIC metapelite metapsammite psammopelite pelopsammite metapelite metapsammite psammopelite metapelite 
o;o % % ANALYSIS ANALYSIS % % % % % I % 
---
MUSCOVITE 40.0 24.0 I 49.0 44.5 24.0 I 1.0 
BIOTITE 22.0 21 .0 I 21 .0 I 5.0 
21.5 21.0 21 .0 34.0 39.0 22.0 35.0 I 45.7 QUARTZ 26.0 53.0 11.0 
54.0 I 18.5 53.0 3.0 50.0 3.0 55.0 19.0 9.7 t PLAGIOCLASE 0.2 
K-FELDSPAR 
I 
7.0 11.0 29.0 I 15.0 35.0 15.7 CORDIERITE 54.0 4.0 11.0 7.0 4.0 10.2 
ANDALUSITE(P) 12.0 16.0 2.0 18.5 
f-
ANDALUSITE(S) j l SILLIMANITE -t-GARNET f-
OPX t l CPX I ILMENITE/magnetite 1.0 1.0 1.0 2.0 1.0 
SPINEL 
TOURMALINE 19.0 9.5 2.0 T 4.0 
-
GEDRITE 
RUTILE 0.5 2.0 
I· 
0.3 I 2.0 
CHLORITE 11 .5 5.8 
BROWN SPINEL 
~ 
GRANDEDIDERITE 
STAUROLITE 
AMPHIBOLE 38.0 
EPIDOTE 
OTHER 2.0 
I I I ~ TOTAL I 100.0 100.0 100.0 100.0 100.0 100.0 1 100.0 100.0 1 100.0 100.0 I 100.0 I 100.0 
... 
ZONE 28 28 28 28 28 28 28 28 28 2C 2C 2C 2C 2C 2C 
SAMPLE 1158b 1158d 131 1140 1140 1160 1160 141 141 2064 1112Z 1112Z 1112M I 1112M 1117A 
psammopelite metapelite metapelite melt metapelite metapelite melt metapelite melt psammopelite metapelite melt metapelite melt metapelite 
% % 0/o % % % % % % % % % 
I i i I I I I 1 t I j MUSCOVITE 2.8 4.0 
BIOTITE 40.0 43.0 47.5 15.6 30.0 33.0 9.4 37.0 9.3 11.4 6.7 10.8 11 .2 1.3 21 .1 
QUARTZ 11.0 6.0 5.0 59. 1 5.0 14.0 63.3 8.2 63.2 17.8 2.0 58.1 13.7 60.9 
j 
8.6 
I 
PLAGIOCLASE 1.0 1.0 3.0 
K-FELDSPAR 35.0 29.0 28.5 25.3 49.0 35.0 27.3 22.5 27.5 50.1 49.7 31.0 57.3 37.8 53.8 
CORDIERITE 14.0 14.0 10.2 4.0 4.0 4.4 10.2 25.0 10.9 4.6 
1 
I + 
ANDALUSITE(P) 5.0 5.0 10.0 7.0 23.3 f 1.7 7.0 2.5 7.7 + ~ .. 
ANDALUSITE(S) 
.. + + 
SILLIMANITE 4.4 3.2 2.7 0.1 
t- t " GARNET 4.0 1.4 3.9 
.. 
OPX 
CPX 
-
I LM EN ITE/magnetite 3.0 
-1- 2.0 3.0 0.5 0.4 1.0 0.1 0.3 0.2 
- - -
SPINEL 
l + - -- - -- . . - - -TOURMALINE 3.1 - .. 
GEDRITE 
1 -RUTILE 2.2 
-- t- - - -
CHLORITE 
BROWN SPINEL 
- --
GRANDEDIDERITE 
STAUROLITE 
--
AMPHIBOLE 
~ 
EPIDOTE 
OTHER 
--
I TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 t 100.0 I 100.0 100.0 100.0 99.8 100.0 100.0 100.0 100.0 
3 3 3 3 3 3 3 3 3 3 
AVERAGE AVERAGE AVERAGE DC229- L DC229- M DC150- L DC150 - L DC150 - M DC46 DC88 DC 56 DC 55 DC125c 
metapelite metapsammite MELT metapelite metapsammite metapelite melt metapsammite crd. gnfls crd. gnfls crd. gnfls diatexite diatexite 
ANALYSIS ANALYSIS ANALYSIS o/o % % % % % % % % % 
MUSCOVITE I I t 1 I BIOTITE 30.1 28.0 9.3 I 11.3 21.7 17.4 3.5 5.9 10.5 11 .5 9.5 I 15.0 18.5 
QUARTZ 9.0 52.5 60.9 6.5 19.7 7.6 16.6 28.6 60.5 3.2 I 13.2 14.5 18.8 I ~ • PLAGIOCLASE 0.4 1.3 0.6 0.2 1.5 5.8 1 
K-FELDSPAR 35.5 13.0 29.8 l 41.1 7.9 25.1 79.8 9.2 8.1 23.7 30.2 I 
8.0 9.3 
CORDIERITE 12.9 5.5 25.7 42.9 37.0 49.1 8.7 45.0 38.7 35.0 10.8 1 
ANDALUSITE(P) 8.4 L 
I 
f- i t I I ANDALUSITE(S) ' I t SILLIMANITE 0.7 I 10.8 5.9 11.9 L 5.5 11.5 10.7 5.5 2.3 23.5 
GARNET 0.7 
f 
1.3 
t 
I I OPX CPX I t 
ILMENITE/magnetite 1.0 1.0 0.0 1.3 2.0 I 0.3 1.5 0.7 2.0 j 2.2 1.5 1.3 .i.. .. I SPINEL 1.8 0.4 3.7 0.7 0.3 .. l J TOURMALINE 0.7 + I GEDRITE I RUTILE 0.2 0.3 I I 2.5 0.5 CHLORITE I 1.5 I 3.0 
BROWN SPINEL 
GRANDEDIDERITE 
STAUROLITE l I: t 18.3 7.3 AMPHIBOLE I EPIDOTE ,. .. ~ OTHER .. + 
TOTAL I 100.0 I 100.0 I 100.0 100.0 I 100.0 100.0 99.9 I 100.0 100.0 100.0 100.0 1 100.0 100.0 
ZONE 
I 
3 3 3 3 3 ZONE3 ZONE3 ZONE 3 ZONE3 ZONE3 ZONE3 4 4 4 
SAMPLE DC98 DC145 DC145 JG93200 DC49 AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE AVERAGE 210 2 10 57 A 
diatexite injectite 
1 
melt metapelite I mafic metapelite DIATEXITE melt metapsammite CD-GRANOFEL MAFIC metapelite melt metapelite 
% % ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS ANALYSIS % % % % % 
I I I I I I + t MUSCOVITE 
~ t BIOTITE 13.2 18.7 2.7 25.3 I 18.0 16.4 3.1 13.8 10.5 3.5 5.5 • ... 
QUARTZ 10.7 10.2 14.8 1.0 5.1 13.5 15.7 24.1 25.6 0.7 34. 1 28.3 
-~ 
PLAGIOCLASE 6.0 1.7 32.0 0.6 3.7 0.1 32.0 0.7 0.8 8.0 
• ·' 
K-FELDSPAR 27.5 18.5 81.7 40.4 35.5 15.8 80.8 8.5 20.7 60.7 65.0 34.5 
+ + 
CORDIERITE 15.7 30.0 7.6 23.4 22.9 46.0 30.8 
I 30.2 10.8 
~ .;. ANDALUSITE(P) I t ... 
ANDALUSITE(S) 
+- +- I 
SILLIMANITE 6.8 17.0 22.5 15.1 12.4 5.7 9.2 
... 
GARNET 0.3 1.8 0.6 0.4 
.. 
OPX 9.0 t . 9.0 ~ ... CPX 11 .0 11.0 t 
ILMENITE/magnetite 0.7 0.7 0.8 0.8 0.8 1.0 0.4 1.7 1.6 
SPINEL 1.2 0.6 0.4 I 0.2 1.5 t TOURMALINE ~ 0.6 0.2 t ... .. GEDRITE ~ ... RUTILE 1.8 1.8 0.1 1.6 CHLORITE 0.3 0.3 I 1.3 
BROWN SPINEL 
I 
GRANDEDIDERITE 
STAUROLITE 15.7 10.3 
AMPHIBOLE 1.5 48.0 0.4 I I I I 48.0 
EPIDOTE 
1 
+- ,. - -
OTHER 
' .... 
TOTAL I 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99.7 99.9 100.1 
... - • ZONE 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
SAMPLE 57 A 57 A 1199 1199 1199 1199B 9349 216A 216A 11A1 9209 9209 9209 GC9213b-1 
melt metapsammite metapsammite metapelite melt CD-GRANOFELI PELOSAM DIATEXITE melt DIATEXITE metapelite melt metapsammite Grt-bearing 
% o;o % % % % % % % % % % o;o diatexite 
I 
I I MUSCOVITE I l 4.2 I BIOTITE 23.5 10.3 4.0 13.0 11.5 3.0 3.0 5.6 9.9 3.7 
QUARTZ 47.9 42.8 8.0 6.5 54.9 21.0 57.5 19.2 87.9 0.6 1.1 34.7 2.7 
PLAGIOCLASE 9.8 4.0 0.5 0.5 0.7 3.7 7. 1 3.9 1.4 0.6 
K-FELDSPAR 42.3 17.0 7.0 47.0 44.0 16.0 25.7 2.0 4.9 47.8 63.2 65.3 ! 23.4 6.6 
I CORDIERITE 10.7 65.3 36.5 44.0 0.4 12.7 32.7 27.0 58.5 4.8 I I 
ANDALUSITE(P) 
'" 
+ ANDALUSITE(S) 1.0 2.0 1.5 0.8 
... .. SILLIMANITE 3.0 
... ... ... GARNET 0.5 6.0 3.5 59.2 0.1 84.2 
+ OPX 1.1 2.3 
... 
CPX 
ILMEN ITEJmagnetite 0.5 1.4 0.5 0.5 l 3.0 0.9 0.6 1.8 0.1 -SPINEL 7.1 1.4 
TOURMALINE t 3.0 
-GEDRITE -
1- ·- . 
RUTILE 0.1 
CHLORITE 
BROWN SPINEL 
GRANDEDIDERITE 
STAUROLITE 
AMPHIBOLE 
.. 
EPIDOTE 
OTHER 
.. 
... 
TOTAL 100.0 100.0 100.0 100.0 99.9 100.0 100.0 99.8 99.9 100.0 100.0 f 100.0 100.0 100.0 
-
ZONE I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
SAMPLE GC9214-2 1190f-1-L 1190(-1 - L 1190f-1-M 1191B 91GC15 - L 91GC15 - L 91GC15 - M DC176a DC176a DC176c DC176c JG93101 9347 9464 
metapelite metapelite melt metapsammite pelite metapelite melt metapsammite diatexite melt diatexite melt metapelite diatexite metapelite 
% % % % % % 0/o % % % 
I 1 I I I . I ~ I I ~ t 
MUSCOVITE 
t 
BIOTITE 5.9 9.9 8.2 
I 
2.9 8.9 26.0 I 0.8 I 
5.1 2.4 10.0 
QUARTZ 0.1 1 9.2 58.3 5.3 1.1 8.2 58.1 11.1 55.3 0.5 63.1 I 0.1 
PLAGIOCLASE 0.3 0.1 0.3 0.6 0.3 0.4 0.3 0.1 l 0.4 0.3 
K-FELDSPAR 35.7 42.5 41.6 4.8 17.8 1 44.1 41.3 6.8 31.8 44.2 18.0 36.4 
1 
35.1 51.9 43.9 
CORDIERITE 41.9 28.2 50.2 71.2 34.5 17.9 23.5 50.5 51 .6 41.6 7.8 
ANDALUSITE(P) 
I t I I I ~ ANDALUSITE(S) 0.2 0.2 SILLIMANITE 15.5 6.4 5.3 2.0 15.9 17.5 23.0 33.1 
GARNET 0.2 1.8 23.7 1.0 19.3 
-·1-
2.2 
I 
0.1 
OPX 
r 
3.4 1.0 
' r l 4.8 0.6 - ... 
CPX 
t 
2.5 0. 1 I 2.0 I 0.4 I LM EN ITE/magnetite 0.4 1.5 2.4 3.3 1.0 2.0 0.6 2.7 I 0.6 • -SPINEL 0.1 0.3 0.3 8.5 2.0 0.3 
TOURMALINE I l -r 4.6 I - ~ GEDRITE RUTILE I -CHLORITE BROWN SPINEL r 2.8 1.0 
13.3 2.0 
~ 
STAUROLITE 
j· AMPHIBOLE 
EPIDOTE 
+ -0 
OTHER 
I 
TOTAL I 100.0 100.0 100.0 I 100.0 100.0 100.0 100.0 I 100.0 100.0 100.0 I 100.0 100.0 100.0 100.0 I 100.0 
ZONE 193~4A 4 I 4 4 (2b) 4 4 I 5 5 5 ZONE4 ZONE4 ZONE4 SAMPLE 1181C 9386 93156 1190 1190 MB155 MB155 MB155 AVERAGE AVERAGE AVERAGE 
MAFIC CD-GRANOFEL CD-GRANOFEL low-grade metapelite metapsammite maficlanorth mafic/anorth M mafic/anorth MELT DIATEXITE metapelite melt 
% % % diatexite % % % % % ANALYSIS ANALYSIS ANALYSIS 
~ I I I I I MUSCOVITE I ~ J- t- I BIOTITE 4.0 9.0 2.0 I 5.0 10.0 13.0 2.6 6.5 
• I r l QUARTZ 7.0 9.0 56.0 I 0.9 9.0 19.5 3.0 5.8 54.9 t • PLAGIOCLASE 52.0 7.0 3.0 1.5 8.5 5.6 4.5 2.0 1.3 1.1 2.2 .. K-FELDSPAR 6.0 14.0 45.3 57.0 I 19.0 29.6 30.0 14.0 29.1 43.8 42.8 + + t CORDIERITE I 51 .0 20.0 47.0 16.0 35.5 30.4 32.3 l. I .. ANDALUSITE(P) 0.3 + ~ I + ANDALUSITE(S) t 3.0 3.3 1.5 0.1 0.5 + SILLIMANITE J 6.2 5.6 -1- .. t I GARNET 14.0 i 2.0 0.1 I 20.5 0.9 OPX 27.0 l 2.0 1.5 [ 18.8 9.0 32.0 n~ 0.8 CPX 5.0 , 17.8 14.5 30.2 t 
ILMENITE/magnetite 4.0 1.0 1.0 0.1 3.3 1.3 1.0 
I 1.2 1.1 
1: 
3.0 
.. 
.. 
SPINEL 0.1 2.6 0.9 
TOURMALINE t -t 0.4 
+ 
GEDRITE I .. RUTILE CHLORITE 
BROWN SPINEL 
+ 
GRANDEDIDERITE l I 
2.2 
STAUROLITE 
AMPHIBOLE 1.0 23.0 40.5 21.2 
EPIDOTE 2.3 0.5 1.0 
.. 
OTHER 
1-
1.0 
.. 
TOTAL I 100.0 I 100.0 . 100.0 100.0 100.0 100.0 I 
t 100.0 99.4 100.0 I 100.4 100.0 100.0 
ZONE I ZONE4 ZONE4 ZONE4 I 5 5 5 5 
5 5 5 5 5 5 
SAMPLE AVERAGE AVERAGE AVERAGE MB7 9310 9310 MB227 mb73 mb73 MB198 MB198 MB198 Mb119 
metapsammite MAFIC CD-GRANOFEL metapelite INJ. LEUCO INJ. MESO SCHOLLEN SCHOLLEN SCHOLLEN inj sci mig inj sci mig L inj sci mig M inj sci M 
ANALYSIS ANALYSIS ANALYSIS o;o o;o % % % % % % % 
+ I I I I MUSCOVITE 0.6 
~ 
BIOTITE 14.6 8.0 10.3 2.5 8.0 22.1 47.6 20.6 29.4 20.6 32.5 17.6 
t-
QUARTZ 21.0 28.7 14.7 1.5 2.0 54.6 17.2 43.3 t 18.6 11.6 26.6 13.0 
r 
~ 
PLAGIOCLASE 2.1 4.0 3.3 3.0 6.0 4.0 3.1 3.6 1.2 
K-FELDSPAR 14.8 24.5 12.0 21.5 57.0 8.0 19.9 4.6 13.2 24.9 33.9 2.9 I 44.0 t CORDIERITE 34.1 38.3 47.7 33.0 58.6 4.0 I 7.6 13.5 12.6 24.5 11 .5 I I ANDALUSITE(P) 20.1 0.1 1.4 14.0 2.0 .. ANDALUSITE(S) 0.6 1.0 0.9 5.5 11.3 10.5 4.0 8.0 13.3 
L 
SILLIMANITE 3.0 
.. 
GARNET 7.1 5.3 1.2 15.6 0.5 2.0 2.0 ,. 
OPX 0.5 19.9 0.7 
.t. .. 
CPX 20.8 
~ 
ILMENITE/magnetite 1.6 0.8 1.7 0.7 2.2 1.0 0.3 0.3 1.5 
+ 
SPINEL I + TOURMALINE 1.0 I GEDRITE 1.6 
t-
RUTILE 
t-
CHLORITE 
+ 
BROWN SPINEL 
+ T ! I .. t GRANDEDIDERITE .. ,. .. 
STAUROLITE 
AMPHIBOLE 28.2 
EPIDOTE 1.3 
OTHER 0.3 
1 
0.3 
1 
l I 1.0 I I 0.6 .. 
I t-TOTAL 100.0 99.9 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
.... 
- ZONE 5 ZONE 5 ZONES ZONE3 ZONE 5 5 5 5 5 5 NORTHERN I 
SAMPLE Mb119 MB154 43 42 AVERAGE AVERAGE AVERAGE MB223 MB223 JG9467 46A 1788 
inj sci L mafic MAFIC MAFIC MAFIC metapelite SCHOLLEN contam granite L contam granite RAFT granite GRANITE INTRUSIVE 
% % % % ANALYSIS ANALYSIS ANALYSIS % % % % % 
I 
I l t 
MUSCOVITE 12.0 2.0 0.3 5.0 4.0 t L 
BIOTITE 26.3 2.0 0.7 14.9 25.4 16.5 11 .0 3.6 8.0 5.0 ~ .. 
QUARTZ 41 .2 17.3 j 25.0 43.5 54.5 52.6 41 .0 47.0 
39.9 1 44.0 
~ 
PLAGIOCLASE 45.0 43.0 2.3 1.7 3.6 19.0 4.0 
K-FELDSPAR 28.1 16.8 28.0 32.5 39.3 26.0 37.0 
~ ~ + 
CORDIERITE 19.3 28.2 17.1 
t ~ ,. 
ANDALUSITE(P) 11 .0 6.3 3.4 ~ .. .. 
ANDALUSITE(S) 0.6 1.4 6.9 
... + 
SILLIMANITE 
GARNET 
"!" 1.1 1.3 2.6 
OPX 13.2 28.0 24.0 r 21 .7 <-
CPX 17.2 12.0 18.0 15.7 
.. 
I LM EN ITE/magnetite 1.5 3.0 2.0 2.2 0.3 0.7 0.3 1.0 c 
SPINEL .. 
TOURMALINE 
I 
3.0 
GEDRITE 0.2 
RUTILE 
-
CHLORITE 
... 
BROWN SPINEL 
-
+ 
GRANDEDIDERITE +- -
STAUROLITE 
l AMPHIBOLE 28.2 13.0 9.0 16.7 -EPIDOTE OTHER 0.3 0.3 0.1 0.3 
~ 
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
A3 
Selected microprobe data for each metamorphic zone 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
FeO 
M-0 
MgO 
Q() 
Na20 
1<20 
TOTAL 
num ox 
Si 
Ti 
AI 
Cr 
Fe 
M1 
Mg 
01 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
Xca 
1 
GC6 
~ 
46.55 
0 .14 
36.37 
0 .06 
1.06 
0.00 
0.67 
0 .00 
0.50 
9 .76 
95 .10 
22 
6 .16 
0.01 
5.67 
0.01 
0.12 
0 .00 
0 .13 
0 .00 
0. 13 
1.65 
13.88 
0 .00 
0 .53 
0 .47 
0 .47 
0 .00 
0 .53 
0 .00 
0 .93 
2 .00 
1 
GC6 
Bt 
34 .52 
2 .21 
18.36 
0.00 
21 .60 
0 .34 
8.02 
0 .00 
0 .09 
9.19 
94 .33 
22 
5 .38 
0 .26 
3 .38 
0 .00 
2 .82 
0.05 
1.86 
0 .00 
0 .03 
1.83 
15.60 
0 .00 
0 .40 
0 .60 
0 .60 
0 .00 
0 .39 
0 .0 1 
0 .99 
14.00 
1 
1106 
Kfs 
64 . 13 
0 .05 
18.32 
0.00 
0 .31 
0 .00 
0.02 
0 .00 
0 .95 
15.38 
99. 17 
8 
2.99 
0 .00 
1 .0 1 
0 .00 
0 .0 1 
0 .00 
0 .00 
0.00 
0 .09 
0 .91 
5 .01 
0 .00 
0 .11 
0 .89 
0 .89 
0 .00 
0 .11 
0 .00 
0 .91 
4 .00 
1 
1106 
Bt 
34 .15 
2 .20 
19.70 
0 .00 
20 .83 
0 . 16 
8 .04 
0.00 
0 .09 
9 .66 
94 .83 
22 
5 .28 
0 .26 
3 .59 
0 .00 
2 .69 
0 .02 
1.85 
0 .00 
0 .03 
1.91 
15.63 
0 .00 
0.41 
0 .59 
0.59 
0 .00 
0 .41 
0 .00 
0 .99 
7 .00 
1 
1106 
~ 
46 .87 
0 .22 
35 .04 
0 .02 
0 .64 
0 .02 
0 .50 
0 .00 
0 .33 
9 .25 
92.87 
22 
6 .30 
0 .02 
5 .56 
0 .00 
0 .07 
0 .00 
0 .10 
0 .00 
0 .08 
1.59 
13.73 
0 .00 
0 .58 
0 .42 
0 .41 
0 .00 
0 .58 
0.01 
0 .95 
14.00 
1107 
Bt 
33 .75 
2 .41 
19.48 
0 .01 
21 .35 
0 .20 
7 . 13 
0 .00 
0 .06 
9 .33 
93 .72 
22 
5 .29 
0.28 
3 .60 
0 .00 
2 .80 
0 .03 
1.67 
0 .00 
0.02 
1.87 
15 .56 
0 .00 
0 .37 
0 .63 
0 .62 
0 .00 
0.37 
0.01 
0.99 
7.00 
1 
1107 
Bt 
34.14 
2 .25 
19.43 
0 .07 
20.89 
0 .27 
7 .34 
0 .00 
0 .08 
9 .26 
93.73 
22 
5 .34 
0 .26 
3 .58 
0 .01 
2 .73 
0 .04 
1. 71 
0 .00 
0 .02 
1.85 
15.54 
0.00 
0 .39 
0.61 
0.61 
0 .00 
0 .38 
0 .01 
0.99 
8 .00 
11 0 7 
~ 
45.29 
0 .42 
35 .80 
0 .00 
0 .78 
0 .00 
0 .49 
0 .00 
0 .39 
9 .13 
92 .29 
22 
6 .15 
0 .04 
5.73 
0.00 
0 .09 
0 .00 
0 .10 
0 .00 
0 .10 
1.58 
13.79 
0 .00 
0 .53 
0 .47 
0.47 
0 .00 
0 .53 
0 .00 
0 .94 
10.00 
11 07 
~ 
45 .50 
0.45 
35 .23 
0.00 
0 .86 
0.00 
0 .60 
0 .00 
0.43 
9 .08 
92. 15 
22 
6 .19 
0.05 
5 .65 
0 .00 
0 .10 
0 .00 
0 .12 
0 .00 
0 .11 
1.57 
13.79 
0 .00 
0 .55 
0.45 
0.45 
0 .00 
0 .55 
0 .00 
0 .93 
11.00 
Zone 1 1 1 1 1 1 1 1 
Sample 11 09 11 09 1109 1 109 20 48 2048 2048 2048 
Mineral Bt Kfs Ms And Bt Kfs Ms Tur 
Si02 35.01 64 .63 45.26 36 .09 34.17 64.20 45 .89 36 .78 
Ti02 1.76 0 .01 0 .47 0 .1 1 2 .11 0 .00 0 .12 0 .02 
Al203 17.67 18.54 35.17 62.5 2 19.37 18.26 36.30 62.42 
Cr203 0 .00 0 .01 0.03 0 .18 0 .00 0 .02 0 .09 0 .02 
FeO 20.38 0 .20 0.75 0 .24 20 .81 0 .10 0.94 0 .32 
M--0 0 .24 0 .00 0 .04 0 .00 0 .12 0.01 0.01 0 .01 
MgO 7 .82 0.09 0 .48 0 .03 7 .66 0.00 0 .45 0 .03 
Q() 0 .03 0.00 0 .01 0 .00 0 .02 0 .00 0 .01 0 .00 
Na20 0 .10 1 .89 0 .28 0 .01 0 .10 0 .72 0 .51 0 .01 
K20 8.34 13.89 9 .30 0 .03 9 .46 15.68 9 .64 0 .01 
TOTAL 91 .35 99 .24 91.78 99.20 93.81 98.99 93.96 99.62 
num ox 22 8 22 5 22 8 22 5 
Si 5 .57 2 .99 6. 18 0 .98 5 .34 2.99 6 . 14 1 .00 
Ti 0 .21 0 .00 0.05 0 .00 0.25 0.00 0.01 0 .00 
AI 3 .3 1 1.01 5.66 2.01 3 .57 1.00 5.73 2.00 
Cr 0 .00 0 .00 0 .00 0.00 0.00 0.00 0 .01 0.00 
Fe 2 .71 0 .01 0 .09 0 .01 2 .72 0.00 0 . 11 0.01 
M1 0 .03 0 .00 0 .00 0.00 0.02 0.00 0.00 0 .00 
Mg 1.85 0 .01 0 .10 0.00 1.78 0.00 0.09 0 .00 
Ql 0.00 0 .00 0 .00 0.00 0 .00 0.00 0.00 0 .00 
Na 0.03 0 .17 0.07 0.00 0 .03 0.07 0.13 0.00 
K 1 .69 0 .82 1 .62 0 .00 1.88 0.93 1.65 0.00 
Total 15.42 5 .00 13.78 3 .01 15.59 5.00 13.87 3.00 
xan 0 .00 0 .00 0.00 0 .00 0.00 0.00 0.00 0.00 
Xmg 0.41 0 .45 0 .53 0.16 0.40 0 .00 0.46 0. 16 
Xfe 0 .59 0 .55 0 .47 0 .84 0 .60 1.00 0.54 0 .84 
Xalm 0 .59 0 .55 0 .46 0 .84 0.60 0 .87 0 .53 0.82 
Xgrs 0 .00 0 .00 0.00 0 .00 0 .00 0 .00 0.01 0 .00 
Xpyr 0.40 0 .44 0 .51 0.16 0 .39 0.00 0 .45 0 .15 
Xsps 0 .01 0.01 0 .02 0.00 0.00 0 . 13 0.01 0 .03 
X or 0 .98 0 .83 0 .96 0.63 0 .98 0 .93 0 .93 0.30 
Xca 2 .00 12.00 38.00 43.00 2 .00 10.00 21.00 25.00 
Zone 
Sample 
Mineral 
Si02 
TI02 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
TOTAL 
num ox 
Si 
n 
AI 
Cr 
Fe 
Zrl 
M1 
Mg 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
X aim 
Xgrs 
Xpyr 
Xsps 
X or 
Xca 
2a 
156a 
Kfs 
63.82 
0.04 
18.51 
0.01 
0 .12 
0 .01 
0 .00 
0 .00 
0 .01 
1 .56 
14.36 
98.44 
8 
2.98 
0.00 
1 .02 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .14 
0 .86 
5 .01 
0 .00 
0 .01 
0 .99 
0 .89 
0 .10 
0 .01 
0 .00 
0 .86 
0 . 10 
2a 
156a 
Crd 
46.89 
0 .02 
32.21 
0 .05 
12.45 
0.06 
0 .10 
5 .70 
0 .00 
0 .06 
0 .01 
97.53 
18 
5 .09 
0.00 
4 .12 
0 .00 
1 .13 
0 .01 
0 .02 
0.46 
0 .00 
0 .01 
0 .00 
10.85 
0 .00 
0.29 
0.71 
0 .70 
0 .00 
0.28 
0 .01 
0 .07 
0 .00 
2a 
156a 
A 
56.69 
0 .00 
26.52 
0 .00 
0 .42 
0 .00 
0.00 
0 .00 
8 .47 
6 .67 
0 .11 
98.89 
8 
2 .57 
0 .00 
1.42 
0 .00 
0 .02 
0 .00 
0 .00 
0 .00 
0 .41 
0 .59 
0 .01 
5 .01 
0 .41 
0.00 
1.00 
0 .04 
0 .96 
0.00 
0 .00 
0 .01 
0 .96 
2b 
141 
Bt 
34 .37 
3 .04 
19.42 
0 .03 
20.39 
0 .05 
0 .15 
7 .56 
0 .00 
0.14 
9 .59 
94 .74 
22 
5 .53 
0 .37 
3 .68 
0 .00 
2 .74 
0 .01 
0 .04 
0 .90 
0 .00 
0 .04 
1 .97 
15.27 
0.00 
0 .25 
0 .75 
0 .75 
0 .00 
0 .24 
0.01 
0 .98 
0 .00 
2 b 
141 
And 
36 .54 
0 .00 
62.58 
0 .05 
0 .25 
0.06 
0 .00 
0 .01 
0 .01 
0.01 
0 .00 
99.51 
5 
0 .99 
0 .00 
2 .00 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .01 
0.44 
0.02 
0 .98 
0 .93 
0 .05 
0 .02 
0 .00 
0.00 
0.05 
2b 
141 
Ms 
44 .47 
0.51 
34.85 
0.02 
0.75 
0 .00 
0 .04 
0 .60 
0 .00 
0 .43 
10.44 
92.10 
24 
6.69 
0 .06 
6.18 
0 .00 
0.09 
0 .00 
0 .01 
0 .07 
0 .00 
0 . 13 
2 .00 
15 .23 
0 .00 
0 .41 
0.59 
0 .55 
0 .00 
0 .39 
0 .06 
0 .94 
0 .00 
2b 
141 
Kfs 
60.87 
0.02 
17 .75 
0 .04 
0 .06 
0 .04 
0 .00 
0 .09 
0.09 
1 .10 
15.07 
95.13 
8 
2 .97 
0 .00 
1.02 
0 .00 
0.00 
0.00 
0 .00 
0 .00 
0 .00 
0 .10 
0.94 
5.04 
0.00 
0 .58 
0 .42 
0.23 
0.46 
0 .31 
0 .00 
0 .90 
0.46 
2b 
1141 
Chi 
35.19 
0.06 
2 1.90 
0 .02 
20.91 
0 .00 
0 .15 
8 .05 
0 .02 
0 .18 
9 .35 
95 .82 
22 
5 .34 
0 .01 
3 .92 
0 .00 
2.65 
0 .00 
0 .02 
1 .82 
0.00 
0 .05 
1.81 
15 .62 
0.00 
0.41 
0.59 
0 .59 
0 .00 
0.40 
0 .00 
0 .97 
2 .00 
2b 
1141 
Kfs 
64.26 
0.00 
18.44 
0.08 
0 .00 
0 .00 
0 .00 
0 .03 
0.00 
1 .00 
15.41 
99.23 
8 
2 .99 
0.00 
1 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .09 
0 .91 
5 .01 
0 .00 
1 .00 
0 .00 
0 .00 
0 .00 
0.92 
0 .08 
0 .91 
31 .00 
2b 
1141 
And 
36.84 
0.00 
62.63 
0.05 
0 .27 
0.00 
0 .00 
0 .00 
0.02 
0 .02 
0 .00 
99.83 
5 
1 .00 
0 .00 
2 .00 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .00 
0 .37 
0 .00 
1 .00 
0 92 
0 .08 
0 .00 
0.00 
0.00 
37.00 
2b 
1141 
Tur 
36.49 
0 .38 
34 .80 
0 .18 
9 .24 
0 .00 
0 .02 
3 .79 
0 .39 
1.57 
0 .02 
86.86 
24 
5 .81 
0.05 
6 .54 
0 .02 
1 .23 
0 .00 
0 .00 
0 .90 
0 .07 
0.49 
0 .00 
15.11 
0 .12 
0 .42 
0 .58 
0 .56 
0 .03 
0 .41 
0 .00 
0.01 
54 .00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
1<20 
TOTAL 
num ox 
Si 
Ti 
AI 
Cr 
Fe 
Zn 
Mn 
Mg 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
X aim 
Xgrs 
Xpyr 
Xsps 
X or 
Xca 
2b 
1141 
lim 
0 .00 
54 .32 
0 .00 
0 .00 
43.89 
0 .00 
1.90 
0 .04 
0 .01 
0 .08 
0.00 
100 .25 
3 
0 .00 
1.02 
0 .00 
0 .00 
0 .92 
0 .00 
0 .04 
0 .00 
0 .00 
0 .00 
0 .00 
1 .98 
0 .05 
0 .00 
1 .00 
0.96 
0.00 
0 .00 
0 .04 
0 .00 
64.00 
2b 
1141 
Ms 
46 .54 
0 .23 
35.78 
0.00 
1 .24 
0 .00 
0 .00 
0 .68 
0 .04 
0 .51 
9.28 
94 .28 
22 
6 .20 
0 .02 
5.62 
0.00 
0 .14 
0 .00 
0 .00 
0 .13 
0 .01 
0 .13 
1 .58 
13.82 
0.00 
0 .49 
0 .51 
0 .50 
0 .02 
0 .48 
0 .00 
0 .92 
84.00 
2b 
1140 
lim 
0 .52 
53 .77 
0 .12 
0 .00 
43.09 
0.00 
2 .47 
0 .29 
0 .00 
0 .00 
0 .00 
100.26 
3 
0 .01 
1 .01 
0 .00 
0 .00 
0 .90 
0.05 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
1. 98 
0 .00 
0 .00 
0 .01 
0 .99 
0 .93 
0 .00 
0 .01 
0 .05 
0 .00 
2b 
1140 
Bt 
34 .26 
3 .60 
19.38 
0 .30 
21 .97 
0 .00 
0 .12 
6 .40 
0 .05 
0 .25 
8 .54 
94 .87 
22 
5 .30 
0.42 
3 .53 
0 .04 
2 .84 
0 .02 
1 .47 
0 .00 
0.01 
0 .07 
1 .68 
15.38 
0 .00 
0 .00 
0 .34 
0.66 
0 .65 
0 .00 
0 .34 
0.00 
0 .95 
2b 
114 0 
Kfs 
65.63 
0.00 
19.36 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
1.45 
13. 72 
100.16 
8 
2 .99 
0 .00 
1 .04 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .13 
0 .80 
4 .95 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .86 
2b 
1140 
PI 
63. 10 
0.00 
24.28 
0 .00 
0 .09 
0 .00 
0 .00 
0 .00 
5 .18 
8 .52 
0 .12 
101 .29 
8 
2 .76 
0 .00 
1 .25 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0.24 
0 .72 
0 .01 
4.98 
0 .25 
0 .99 
0.00 
1 .00 
0 .01 
0 .99 
0 .00 
0 .00 
0 .01 
2b 
1140 
As 
37 .86 
0 .00 
65 .17 
0.11 
0 .26 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
103.40 
5 
0 .99 
0 .00 
2 .01 
0.00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .01 
0 .00 
0 .00 
0 .00 
1 .00 
1.00 
0 .00 
0 .00 
0 .00 
0 .00 
2c 
2064 
Bt 1n Crd 
35 .88 
1.69 
20 .76 
0 .00 
18 .68 
0 .00 
0 .00 
11 .14 
0 .00 
0 .09 
8 .73 
96.97 
22 
5 .30 
0 .19 
3 .62 
0 .00 
2 .31 
0 .00 
0 .00 
2.45 
0 .00 
0.03 
1 .65 
15.54 
0 .00 
0 .00 
0 .52 
0 .48 
0 .48 
0 .00 
0 .52 
0 .00 
0 .98 
2c 
2064 
Bt 
33 .10 
3 . 49 
17.43 
0 .00 
19.73 
0 .00 
0 .00 
13.01 
0 .07 
0 .05 
8 .59 
95.47 
22 
5 .07 
0 .40 
3 .14 
0.00 
2 .53 
0 .00 
0.00 
2 .97 
0.01 
0 .01 
1 .68 
15 .81 
0 .44 
0 .00 
0 .54 
0 .46 
0 .46 
0 .00 
0 .54 
0 .00 
0.98 
2c 
2064 
As 
36 .73 
0 .00 
62 .66 
0 .00 
0 .88 
0 .00 
0 .00 
0 .20 
0 .00 
0 .00 
0 .00 
100 .47 
20 
3 .96 
0 .00 
7.97 
0 .00 
0 .08 
0 .00 
0 .00 
0 .03 
0 .00 
0 .00 
0.00 
12.05 
0 .00 
0 .00 
0 .29 
0 .71 
0 .71 
0 .00 
0 .29 
0 .00 
0 .00 
2c 
2064 
Kfs 
63 .82 
0.09 
19 .05 
0 .00 
0 .71 
0 .00 
0 .00 
0 .18 
0 .00 
1.48 
14.43 
99.76 
8 
2 .95 
0 .00 
1 .04 
0 .00 
0 .03 
0 .00 
0 .00 
0 . 01 
0 .00 
0.13 
0 .85 
5 .02 
0 .00 
0 .00 
0.31 
0 .69 
0 .69 
0 .00 
0 .31 
0 .00 
0 .87 
2c 
2 064 
" 
0 .14 
0 .08 
0.42 
0 .00 
92.32 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .05 
93.01 
3 
0 .01 
0 .00 
0 .02 
0.00 
2 .96 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
2.98 
0 .00 
0 .00 
0 .00 
1 .00 
1 .00 
0 .00 
0.00 
0 .00 
1 .00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
TOTAL 
num ox 
Si 
Ti 
AI 
Cr 
Fe 
Zn 
Mn 
Mg 
Ca 
Na 
K 
Total 
X an 
Xmg 
Xfe 
X aim 
Xgrs 
Xpyr 
Xsps 
X or 
Xca 
2c 
2064 
Grt core 
38.1 1 
0 .00 
20.68 
0 .00 
35 .96 
0.00 
0.58 
4.46 
0.31 
0 .06 
0 .08 
100.24 
12 
3.04 
0 .00 
1.94 
0.00 
2.40 
0 .00 
0 .04 
0 .53 
0 .03 
0 .01 
0 .01 
8.00 
0.74 
0 .01 
0 .18 
0 .82 
0.80 
0 .01 
0 .18 
0.0 1 
0 .19 
2c 
2064 
Grt core 
37.85 
0 .00 
20.45 
0 .00 
35.73 
0 .00 
0.70 
4 .58 
0 .38 
0 .00 
0 .03 
99.72 
12 
3 .04 
0 .00 
1 .93 
0.00 
2.40 
0 .00 
0.05 
0 .55 
0 .03 
0.00 
0 .00 
8 .00 
1 .00 
0 .0 1 
0 .19 
0 .81 
0.79 
0 .01 
0 .18 
0 .02 
0 .09 
2c 
1117a 
1o And 
37 .38 
0 .07 
65.28 
0 .00 
0 .20 
0 .00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 
102.93 
20 
3 .92 
0 .01 
8 .08 
0 .00 
0 .02 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
12 .03 
0 .00 
0 .00 
0.00 
1.00 
1.00 
0 .00 
0 .00 
0.00 
0 .00 
2c 
1117a 
Bt mel in And 
34.34 
2 .92 
18.77 
0 .12 
23.69 
0 .00 
0 .14 
7 .03 
0 .18 
0.27 
8 .29 
95.75 
22 
5 .30 
0 .34 
3 .41 
0 .01 
3 .06 
0 .00 
0 .02 
1.62 
0.03 
0 .08 
1.63 
15.50 
0 .02 
0.01 
0 .35 
0 .65 
0.65 
0 .01 
0 .34 
0.00 
0.94 
2c 
1117a 
Kfs 
64.80 
0 .00 
19.16 
0.00 
0.07 
0.00 
0 .00 
0.00 
0 .00 
1.03 
14.99 
100.05 
8 
2.98 
0.00 
1 .04 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .09 
0.88 
4 .99 
0.00 
0.00 
0 .00 
1.00 
1 .00 
0 .00 
0.00 
0.00 
0 .91 
2c 
1117a 
Crd 
44 .12 
0.00 
32.11 
0.00 
10.06 
0.00 
0 .14 
7.04 
0 .00 
0.20 
0.05 
93.72 
18 
4 .83 
0.00 
4 .15 
0.00 
0 .92 
0 .00 
0 .0 1 
1.15 
0.00 
0.04 
0.01 
11 .12 
0.00 
0.00 
0 .55 
0.45 
0.44 
0 .00 
0 .55 
0 .01 
0 .14 
2c 
1117a 
Grt 
37 .75 
0.00 
21 .95 
0 .00 
38.91 
0 .00 
1.46 
2 .51 
0.19 
0 .06 
0.00 
102 .83 
12 
2 .98 
0 .00 
2 .04 
0 .00 
2 .57 
0 .00 
0 .10 
0.30 
0.02 
0 .01 
0 .00 
8 .01 
0 .64 
0.01 
0 .10 
0 .90 
0 .86 
0 .01 
0 .10 
0.03 
0 .00 
2c 
1112m 
Crd 
48.72 
0.00 
32.60 
0 .00 
12.92 
0.00 
0 .09 
5 .78 
0 .00 
0.08 
0.00 
100.19 
18 
5 .02 
0 .00 
3 .96 
0.00 
1 .11 
0.00 
0.01 
0 .89 
0.00 
0.02 
0 .00 
11 .0 1 
0 .00 
0 .00 
0 .44 
0.56 
0.55 
0 .00 
0.44 
0 .00 
0.00 
2c 
1112m 
Bt 
41 .20 
2.68 
17.02 
0 .00 
20.01 
0.00 
0 .00 
6.66 
0 .04 
0 .05 
7 .92 
95.58 
22 
6 .11 
0.30 
2 .98 
0 .00 
2 .48 
0.00 
0 .00 
1.47 
0.01 
0 .01 
1.50 
14 .86 
0 .00 
0 .00 
0 .37 
0 .63 
0 .63 
0 .00 
0 .37 
0 .00 
0 .99 
2c 
111 2 m 
Kfs 
64.93 
0.00 
18.27 
0 .00 
0.08 
0.00 
0.00 
0.09 
0 .00 
1 .32 
15. 15 
99.84 
8 
3 .00 
0 .00 
0.99 
0 .00 
0 .00 
0 .00 
0.00 
0 .01 
0 .00 
0 .12 
0 .89 
5 .0 1 
0 .00 
0 .00 
0 .67 
0 .33 
0 .33 
0.00 
0.67 
0.00 
0 .88 
2c 
111 2m 
n 
0 .00 
53.32 
0 .00 
0.00 
46.39 
0 .00 
0.29 
0.23 
0 .00 
0 .04 
0.00 
100.27 
3 
0 .00 
1.01 
0.00 
0.00 
0 . 97 
0 .00 
0 .01 
0 .01 
0 .00 
0 .00 
0 .00 
2 .00 
0 .00 
0 .00 
0 .01 
0 .99 
0 .99 
0.00 
0 .01 
0.01 
0.00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
A1203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
1<20 
TOTAL 
num ox 
Si 
Ti 
AI 
Cr 
Fe 
Zn 
I'M 
Mg 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
Xca 
2c 
111 2 m 
Spl 
0 .00 
0 .11 
59 .41 
0 .00 
40.07 
0 .76 
0.11 
1 .67 
0 .00 
0 .00 
0 .00 
102.13 
4 
0 .00 
0 .00 
1 .97 
0 .00 
0.94 
0 .02 
0 .00 
0 .07 
0.00 
0 .00 
0 .00 
3 .0 1 
0.00 
0 .00 
0 .07 
0 .93 
0 .93 
0.00 
0 .07 
0 .00 
0 .00 
2c 
111 2 m 
And 
37.04 
0 .00 
62.33 
0 .00 
0 .19 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.04 
99.60 
5 
1.00 
0 .00 
1 .99 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3.00 
0 .00 
0.00 
0 .00 
1.00 
1 .00 
0.00 
0 .00 
0 .00 
1 .00 
2c 2c 2c 
111 2 m 111 2 z 1112z 
2o Bt on lim Grt rim Grt core 
34 .61 35 .32 36.54 
3 .84 0 . t 0 0 .00 
17.58 2 1.99 21 .08 
0.00 0 .00 0 .00 
24.12 38 .22 37.63 
0.00 0.00 0 .00 
0 .00 1 .17 0 .90 
7 .65 2 .97 3 .68 
0 .00 0 .45 0 .35 
0.04 0 .00 0 .00 
9 .04 0 . 17 0 .05 
96.88 100.39 100 .23 
22 12 12 
5 .3 1 2 .87 2 .95 
0 .44 0 .01 0 .00 
3 .18 2 .11 2 .0 1 
0 .00 0 .00 0 .00 
3 .09 2.60 2 .54 
0 .00 0 .00 0 .00 
0 .00 0 .08 0 .06 
1 .75 0 .36 0 .44 
0 .00 0 .04 0 .03 
0 .01 0 .00 0 .00 
1.77 0 .02 0 .01 
15 .55 
0 .00 
0.00 
0 .36 
0 .64 
0.64 
0.00 
0 .36 
0 .00 
0 .99 
8 .08 
0 .69 
0 .0 1 
0 .12 
0 .88 
0 .84 
0.01 
0 .12 
0 .03 
0 .31 
8 .05 
0 .85 
0 .01 
0 .15 
0 .85 
0 .83 
0.01 
0 .14 
0 .02 
0 .15 
2c 
1 112z 
Crd 
47.28 
0 .00 
32. 17 
0 .00 
11.62 
0 .00 
0 .24 
5 .76 
0 .00 
0.12 
0 .03 
97.22 
18 
5 .00 
0 .00 
4 .01 
0 .00 
1.03 
0 .00 
0 .02 
0 .91 
0 .00 
0 .02 
0 .00 
11.00 
0 .00 
0 .00 
0 .47 
0 .53 
0 .53 
0 .00 
0.46 
0 .01 
0 .14 
2c 
1 1 12z 
Bt 
34.54 
4 .05 
18.09 
0 .00 
22. 10 
0 .00 
0.00 
7 .82 
0 .00 
0 .10 
9 .12 
95.82 
22 
5 .31 
0 .4 7 
3 .28 
0 .00 
2 .84 
0.00 
0 .00 
1 .79 
0 .00 
0 .03 
1 .79 
15.50 
0 .00 
0 .00 
0 .39 
0 .61 
0 .61 
0.00 
0 .39 
0 .00 
0.98 
2c 
11 12 z 
Kfs 
65.06 
0 .00 
18 .74 
0 .00 
0 .10 
0 .00 
0 .00 
0 .00 
0 .00 
1.36 
14 .61 
99.87 
8 
2 .99 
0 .00 
1 .02 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.12 
0 .86 
4 .99 
0 .00 
0 .00 
0 .00 
1.00 
1.00 
0 .00 
0 .00 
0 .00 
0 .88 
2c 
111 2 z 
Crd 
47.11 
0 .00 
32 .10 
0.00 
12 .05 
0.00 
0 .23 
5 .53 
0 .00 
0.18 
0 .03 
97 .23 
18 
5 .00 
0 .00 
4 .01 
0 .00 
1.07 
0 .00 
0 .02 
0 .87 
0.00 
0 .04 
0 .00 
0 .00 
11.02 
0 .00 
0.00 
0.00 
0 .55 
1.00 
0.00 
0 .00 
0.00 
0 .88 
Zone 
Sample 
Mineral 
Si02 
Ti02 
8203 
Al203 
Cr203 
RlO 
M10 
MgO 
ZnO 
CaO 
Na20 
K20 
F 
TOTAL 
num ox 
s 
Ti 
B 
AI 
Cr 
Fe 
Mn 
Mg 
Zn 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
X aim 
Xgrs 
Xpyr 
Xsps 
X or 
3 
DC150 
Kfs 
64.09 
0 .00 
0 .00 
18.58 
0 .00 
0 .03 
0.02 
0.00 
0.00 
0.00 
1 .62 
14 .52 
0.00 
98 .85 
8 
2 .98 
0 .00 
0 .00 
1 .02 
0 .00 
0.00 
0 .00 
0.00 
0 .00 
0 .00 
0.15 
0 .86 
5 .01 
0.00 
0.00 
1 .00 
0 .54 
0 .00 
0 .00 
0.46 
0 .86 
3 
DC150 
As 
36 .20 
0 . 19 
0 .00 
62 .18 
0 . 14 
0.39 
0.01 
0.02 
0 .00 
0.00 
0.02 
0 .03 
0.00 
99.17 
5 
0.99 
0 .00 
0 .00 
2.00 
0 .00 
0.01 
0 .00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 
3 .01 
0 .03 
0 .08 
0 .92 
0 .90 
0 .01 
0 .08 
0 .02 
0 .44 
3 
DC150 
Spl 
0 .04 
0.00 
0 .00 
57.14 
0 .17 
31 .52 
0 .19 
1.75 
6.44 
0 .03 
0 .17 
0.00 
0 .00 
97 .44 
4 
0 .00 
0 .00 
0 .00 
1 .99 
0 .00 
0 .78 
0 .00 
0 .08 
0.14 
0.00 
0 .01 
0 .00 
3 .01 
0.08 
0.09 
0 .91 
0.90 
0 .00 
0 .09 
0 .01 
0.00 
3 
DC150 
Bt 
38.35 
1 .51 
0 .00 
17.68 
0.05 
22.10 
0 .06 
6.43 
0 .00 
0 .00 
0 .14 
8.57 
0 .00 
94.87 
22 
5 .86 
0 .17 
0 .00 
3.18 
0 .01 
2 .82 
0.01 
1.46 
0.00 
0 .00 
0 .04 
1 .67 
15.23 
0.00 
0.34 
0 .66 
0 .66 
0.00 
0.34 
0 .00 
0 .98 
3 
DC150 
Crd 
47.29 
0 .00 
0 .00 
32.24 
0 .00 
12.76 
0 .18 
5 .33 
0 .01 
0 .01 
0 .15 
0.03 
0 .00 
97.99 
18 
4 .99 
0 .00 
0 .00 
4 .01 
0 .00 
1 . 13 
0 .02 
0 .84 
0 .00 
0 .00 
0.03 
0.00 
11 .02 
0 .03 
0.43 
0.57 
0 .57 
0.00 
0 .42 
0.01 
0.11 
3 
DC98 
ilm 
0 .00 
51.99 
0 .00 
0.00 
0 .01 
45.45 
0 .51 
0 . 10 
0 .10 
0.00 
0 .03 
0 .01 
0 .00 
98. 19 
3 
0 .00 
1 .00 
0 .00 
0 .00 
0 .00 
0 .98 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
2 .00 
0 .06 
0 .00 
1.00 
0 .98 
0 .00 
0 .00 
0 .01 
0 .24 
3 
DC98 
sill 
35 .63 
0 .02 
0 .00 
60 .70 
0 .26 
0.18 
0 .03 
0 .03 
0 .12 
0 .07 
0 . 15 
0 .05 
0 .00 
97.23 
5 
0 .99 
0 .00 
0 .00 
1.99 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .01 
0 .00 
3 .01 
0 .18 
0 .26 
0 .74 
0 .49 
0 .26 
0.17 
0 .08 
0.16 
3 
DC98 
plag core 
61.87 
0 .01 
0 .00 
23.43 
0 .00 
0.09 
0 .00 
0.00 
0 .00 
4.84 
9 .00 
0 .20 
0.00 
99.45 
8 
2 .76 
0.00 
0 .00 
1 .23 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 . 23 
0 .78 
0 . 01 
5 .02 
0 . 23 
0 .00 
1.00 
0.01 
0.99 
0 .00 
0 .00 
0 . 01 
3 
DC98 
plag rim 
63.60 
0 .06 
0 .00 
22.86 
0 .00 
0 .03 
0 .00 
0 .00 
0 .01 
3 .60 
9 .41 
0 .06 
0 .00 
99 .63 
8 
2 .82 
0 .00 
0 .00 
1 .19 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .17 
0 .81 
0 .00 
4 .99 
0 .17 
0 .00 
1.00 
0 .01 
0 .99 
0 .00 
0 .00 
0 .00 
3 
DC98 
crd rim 
47.72 
0 .00 
0 .00 
32.47 
0 .00 
10.35 
0.17 
6 .67 
0 .07 
0.01 
0 .38 
0.02 
0 .00 
97.86 
18 
4 .99 
0 .00 
0.00 
4 .00 
0 .00 
0 .91 
0 .02 
1 .04 
0 .01 
0 .00 
0 .08 
0 .00 
11.05 
0 .02 
0 .53 
0 .47 
0 .46 
0 .00 
0.53 
0 .01 
0.03 
3 
DC98 
crd core 
47.63 
0 .03 
0 .00 
32.27 
0 .00 
10.72 
0 .19 
6.32 
0 .00 
0 .01 
0 .40 
0 .00 
0 .00 
97 .56 
18 
5.01 
0.00 
0 .00 
4 .00 
0 .00 
0 . 94 
0 .02 
0 .99 
0 .00 
0 .00 
0 .08 
0 .00 
11 .03 
0 .01 
0 .51 
0.49 
0.48 
0 .00 
0 .51 
0 .01 
0 .00 
3 
DC98 
bio 
32 .58 
1.38 
0 .00 
19 .47 
0 .00 
22.44 
0 .04 
9 .78 
0 .00 
0 .06 
0 .52 
6 .89 
0 .00 
93. 17 
22 
5 .12 
0 .16 
0 .00 
3.61 
0 .00 
2.95 
0.01 
2 .29 
0 .00 
0.01 
0.16 
1 .38 
15.68 
0.01 
0.44 
0.56 
0.56 
0.00 
0.44 
0 .00 
0 .89 
Zone 
Sample 
Mineral 
Si02 
Ti02 
8203 
A1203 
Cr203 
FeO 
M10 
MgO 
ZrO 
GaO 
Na20 
K20 
F 
TOTAL 
num ox 
s 
Ti 
B 
AI 
Cr 
Fe 
Mn 
Mg 
Zn 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
3 
DC98 
ged core 
39.26 
0.07 
0 .00 
19.71 
0.00 
28.57 
0.57 
6.33 
0.06 
0.11 
1 .60 
0.01 
0 .00 
96.28 
23 
6 .06 
0.01 
0 .00 
3.59 
0 .00 
3 .69 
0 .07 
1.46 
0.01 
0.02 
0.48 
0.00 
15.39 
0 .04 
0 .28 
0.72 
0 .70 
0 .00 
0 .28 
0 .01 
0.01 
3 
DC98 
st 
29.31 
0 .30 
0 .00 
51 .54 
0 .09 
14.21 
0 .11 
1. 25 
0 .30 
0 .02 
0 .05 
0.03 
0 .00 
97 .21 
24 
4 .28 
0 .03 
0.00 
8.87 
0 .01 
1.73 
0 .01 
0 .27 
0 .06 
0 .00 
0 01 
0 .01 
15.29 
0 .10 
0 .14 
0 .86 
0 .86 
0 .00 
0 .13 
0 .01 
0 .26 
3 
DC229 
Bt 
33.25 
3.27 
0.00 
17.61 
0.06 
24.46 
0 .05 
6.58 
0.00 
0.05 
0 .43 
8.85 
0.00 
94.61 
22 
5 .26 
0 .39 
0 .00 
3.29 
0 .01 
3.24 
0.01 
1.55 
0.00 
0.01 
0.13 
1.79 
15.66 
0 .00 
0 .32 
0 .68 
0.67 
0.00 
0 .32 
0 .00 
0 .93 
3 
DC229 
Crd core 
47 .45 
0 .00 
0 .00 
32.38 
0 .00 
11 .86 
0 .19 
5 .91 
0.00 
0 .00 
0.19 
0.02 
0 .00 
98.01 
18 
4.99 
0.00 
0.00 
4.01 
0.00 
1 .04 
0.02 
0.93 
0 .00 
0 .00 
0.04 
0.00 
11 .03 
0 .00 
0.47 
0 .53 
0.53 
0.00 
0 .47 
0 .01 
0.07 
3 
DC229 
Crd rim 
47 .64 
0 .02 
0 .00 
32 .55 
0 .00 
11 .93 
0 . 26 
6.16 
0 .08 
0.04 
0.18 
0.03 
0 .00 
98 .87 
18 
4 .97 
0 .00 
0 .00 
4 .00 
0 .00 
1.04 
0 .02 
0.96 
0.01 
0.00 
0 .04 
0.00 
11.05 
0 .09 
0.48 
0 .52 
0.51 
0.00 
0 .47 
0.01 
0.08 
3 
DC229 
Kfs 
63.75 
0 .03 
0.00 
18.44 
0 .00 
0 .02 
0.00 
0 .01 
0.04 
0.00 
1.11 
14.88 
0 .00 
98.27 
8 
2 . 99 
0 .00 
0 .00 
1.02 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 . 10 
0 .89 
5 .00 
0 .00 
0.59 
0 .41 
0 .41 
0 .00 
0.59 
0 .00 
0.90 
3 
DC229 
As 
36.13 
0.04 
0 .00 
61.89 
0.10 
0.34 
0 .03 
0.02 
0 .09 
0.02 
0.07 
0.05 
0 .00 
98 .78 
5 
0 .99 
0.00 
0.00 
2.00 
0.00 
0 .01 
0 .00 
0 .00 
0 .00 
0.00 
0.00 
0 .00 
3 .01 
0 .10 
0 .08 
0 .92 
0 .81 
0.07 
0.07 
0 .06 
0 .31 
3 
DC229 
Spl 
0 .03 
1.32 
0 .00 
56. 15 
0.73 
36.83 
0 .13 
1.45 
2 .68 
0 .00 
0 .08 
0.02 
0 .00 
99.43 
4 
0.00 
0 .03 
0 .00 
1.93 
0 .02 
0.90 
0 .00 
0.06 
0 .06 
0 .00 
0 .00 
0 .00 
3 .00 
0 .00 
0 .07 
0 .93 
0 .93 
0 .00 
0 .07 
0 .00 
0.15 
3 
DC229 
A 
59.51 
0.00 
0 .00 
25 .20 
0 .01 
0 .03 
0 .00 
0 .00 
0 .00 
6.49 
7.63 
0 . 14 
0 .00 
99.01 
8 
2.67 
0 .00 
0 .00 
1.33 
0 .00 
0.00 
0.00 
0.00 
0.00 
0 . 31 
0 .67 
0.01 
5 .00 
0.32 
0 .00 
1.00 
0 .00 
1 .00 
0.00 
0.00 
0.01 
3 
DC229 
lim 
0 .08 
52.14 
0.00 
0.01 
0 .00 
43.69 
0 .71 
0 .03 
0 .00 
0 .02 
0 .09 
0 .06 
0 .00 
96.83 
3 
0 .00 
1 .01 
0.00 
0 .00 
0.00 
0.95 
0 .02 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
1 .99 
0 .09 
0 .00 
1 .00 
0.98 
0.00 
0.00 
0.02 
0.29 
3 3 3 
DC145c DC145c DC145c 
Bt Crd A 
34.56 47 .40 59.67 
3 .33 0 .00 0.03 
0.00 0 .00 0.00 
17.37 31.98 27.59 
0 .50 0 .07 0.00 
18.47 11 .69 0 .29 
0 .05 0 . 22 0 .01 
10.27 6.12 0 .00 
0 .17 0 .00 0 .15 
0 .04 0 .01 4 .57 
0 .34 0 . 31 8 .09 
9.31 0 .10 0 .15 
0 .00 0 .00 0 .00 
94 .39 97.90 100.54 
22 18 8 
5.33 4 .99 2 .63 
0 .39 0 .00 0 .00 
0 .00 0 .00 0 .00 
3 .16 3 .97 1.43 
0 .06 0 .01 0 .00 
2 .38 1 .03 0 .01 
0.01 0 .02 0 .00 
2 .36 0 .96 0 .00 
0 .02 0 .00 0 .00 
0.01 0 .00 0 .22 
0 .10 0 .06 0 .69 
1.83 0 .01 0 .01 
15 .64 11 .06 5.00 
0 .00 0 .02 0.24 
0.50 0 .48 0.00 
0.50 0 .52 1.00 
0.50 0 .51 0.05 
0 .00 0 .00 0.95 
0.50 0.48 0.00 
0 .00 0 .01 0 .00 
0.94 0 .18 0 .01 
Zone 
Sample 
Mineral 
Si02 
Ti02 
8203 
Al203 
Cr203 
FeO 
M10 
MgO 
ZnO 
CaO 
Na20 
K20 
F 
TOTAL 
num ox 
s 
n 
B 
AI 
Cr 
Rl 
M'l 
Mg 
Zn 
Ca 
Na 
K 
Total 
Xan 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
3 
DC145c 
lim 
0 .06 
51.40 
0 .00 
0 .00 
0 .02 
45.44 
0 .39 
0 .39 
0.05 
0.00 
0 .03 
0 .00 
0 .00 
97.78 
3 
0 .00 
1 .00 
0 .00 
0 .00 
0 .00 
0.98 
0 .01 
0 .02 
0 .00 
0.00 
0.00 
0 .00 
2 .00 
0 .00 
0 .02 
0 .98 
0 .98 
0 .00 
0.02 
0 .01 
0 .00 
3 
210 
Spl 
0.04 
0 .04 
0 .00 
55.61 
0 .00 
38.41 
0 .17 
1 .86 
0 .74 
0 .00 
0 .00 
0 .01 
0.00 
96 .89 
4 
0.00 
0.00 
0.00 
1 .96 
0 .00 
0.96 
0 .00 
0 .08 
0.02 
0.00 
0.00 
0 .00 
3.02 
0 .00 
0.08 
0 .92 
0 .92 
0 .00 
0 .08 
0 .00 
0.82 
3 
2 10 
Crd 
47.02 
0 .05 
0 .00 
31.67 
0 .00 
11 .52 
0 .17 
6 .01 
0 .09 
0 .02 
0 .08 
0 .00 
0 .00 
96.62 
18 
5 .01 
0 .00 
0 .00 
3 .98 
0 .00 
1.03 
0 .01 
0 .95 
0 .01 
0 .00 
0 .02 
0 .00 
11 .01 
0 .11 
0.48 
0 .52 
0 .51 
0 .00 
0 .48 
0 .01 
0 .00 
3 
210 
Sil 
36.15 
0 .03 
0 .00 
61 .07 
0 .02 
0 .15 
0 .01 
0 .01 
0.05 
0 .00 
0 .01 
0 .00 
0.00 
97 .48 
5 
1.00 
0 .00 
0 .00 
1 .99 
0 .00 
0.00 
0 .00 
0.00 
0.00 
0 .00 
0 .00 
0 .00 
3 .00 
0 .00 
0.06 
0 .94 
0 .90 
0.00 
0.05 
0 .04 
0 .00 
3 
210 
Kfs 
63.58 
0 .00 
0.00 
18 .09 
0 .05 
0 .02 
0.00 
0 .02 
0.02 
0.00 
1.48 
14 .52 
0.00 
97 .78 
8 
2 .99 
0.00 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0 .13 
0 .87 
5 .01 
0.00 
0.61 
0.39 
0 .39 
0 .00 
0 .61 
0.00 
0 .87 
3 
210 
Grt 
36.58 
0 .00 
0.00 
20.41 
0.05 
37.27 
0 .70 
3.41 
0.00 
0 .45 
0 .01 
0.02 
0.00 
98 .90 
12 
2.99 
0.00 
0 .00 
1.97 
0.00 
2.55 
0 .05 
0 .42 
0 .00 
0.04 
0 .00 
0 .00 
8 .02 
0 .93 
0 .14 
0 .86 
0 .84 
0 .01 
0 .14 
0 .02 
0 .72 
3 
2 10 
Bt 
32.88 
2 .99 
0 .00 
17 .18 
0.00 
21 .93 
0 .10 
6 .71 
0 .05 
0.00 
0 .05 
8 .89 
0.00 
90.79 
22 
5.37 
0 .37 
0 .00 
3 .30 
0.00 
2.99 
0 .01 
1.63 
0 .01 
0.00 
0 .01 
1.85 
15.55 
0 .00 
0 .35 
0 .65 
0 .65 
0.00 
0.35 
0.00 
0 .99 
3 
200 
Grt 
36 .64 
0.00 
0 00 
20.84 
0 .04 
38 .05 
0 .91 
3.01 
0 .06 
0.22 
0 .03 
0 . 01 
0 . 01 
99 .82 
12 
2.98 
0 .00 
0 .00 
2 .00 
0 .00 
2 .59 
0 .06 
0 .36 
0 .00 
0.02 
0 .00 
0 .00 
8 .02 
0 .78 
0.12 
0 .88 
0 .85 
0 .01 
0 .12 
0.02 
0 .050 
3 
200 
Crd 
47.48 
0.00 
0 .28 
32.05 
0.00 
10 .93 
0 .22 
6.32 
0.06 
0 .02 
0 . 20 
0 .01 
0 .01 
97.58 
18 
5 .00 
0 .00 
0 .02 
3 .98 
0 .00 
0 .96 
0 .02 
0 .99 
0 .00 
0.00 
0.04 
0.00 
11 .02 
0 .06 
0.51 
0 .49 
0 .49 
0 .00 
0.50 
0 .01 
0 .022 
3 
200 
Bt 
33.41 
2.62 
0.36 
18.86 
0 .05 
23.22 
0.02 
7 .08 
0.03 
0 .04 
0 . 10 
9.08 
0 .16 
94 .88 
22 
5 .23 
0 .31 
0 .03 
3 .48 
0 .01 
3.04 
0 .00 
1.65 
0 .00 
0.01 
0 .03 
1 .81 
15.62 
0 .00 
0 .35 
0 .65 
0 .65 
0 .00 
0.35 
0 .00 
0 .980 
3 
200 
As 
36.48 
0.06 
0.13 
62.82 
0.02 
0.27 
0.00 
0 .03 
0.00 
0 .04 
0 .01 
0 .02 
0 .04 
99.89 
20 
3.95 
0 .00 
0 .01 
8 .02 
0 .00 
0 .02 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
12.03 
0.47 
0.17 
0 .83 
0 .72 
0.14 
0.14 
0.00 
0 .247 
3 
200 
Kfs 
64.38 
0 .1 1 
0.00 
18.5 1 
0 .00 
0.04 
0 .00 
0 .00 
0 .00 
0 .05 
1.81 
14 .28 
0 .00 
99.19 
8 
2.98 
0.00 
0.00 
1.01 
0.00 
0.00 
0.00 
0 .00 
0 .00 
0 .00 
0 .16 
0 .84 
5 .01 
0 .00 
0 .00 
1 .00 
0.41 
0 .59 
0 .00 
0 .00 
0 .836 
Zone 
Sample 
Mineral 
Si02 
Ti02 
6203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
F 
TOTAL 
numox 
Si 
n 
B 
AI 
Cr 
Fe 
Zn 
Mn 
r-Ig 
01 
Na 
K 
Total 
Xan 
Xca 
Xmg 
x fe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
4 
HW47 
Crd 
47 .81 
0 .00 
0 .00 
31 .89 
0 .00 
12 .80 
0 .00 
0 .12 
5 .52 
0 .05 
0 .16 
0 .00 
98.35 
18 
5 .03 
0 .00 
0 .00 
3 .95 
0 .00 
1.13 
0 .00 
0 .01 
0 .86 
0 .01 
0 03 
0 .00 
11 .02 
0 .15 
0 .00 
0 .43 
0 .57 
0 .56 
0 .00 
0 .43 
0 .01 
0 .00 
4 
HW47 
Bt 
3 3.90 
3 .50 
0.00 
17.68 
0 .00 
21.28 
0 .00 
0 .00 
9 .01 
0 .00 
0 .19 
9 .50 
95.06 
22 
5 .26 
0 .41 
0.00 
3.23 
0 .00 
2.76 
0 .00 
0.00 
2.08 
0.00 
0.06 
1 .88 
15.68 
0 .00 
0 .00 
0 .43 
0 .57 
0 .57 
0 .00 
0 .43 
0 .00 
0 .97 
4 
HW47 
Grt 
37 .45 
0 .00 
0.00 
21.38 
0 .00 
39.10 
0 .00 
0 .55 
3 .38 
0 .11 
0.00 
0 .00 
101 .97 
12 
2.98 
0 .00 
0 .00 
2 .00 
0 .00 
2 .60 
0 .00 
0 .04 
0 .40 
0.01 
0 .00 
0 .00 
8 .02 
1.00 
0 .00 
0 .13 
0 .87 
0 .85 
0 .00 
0 .13 
0 .01 
0 .00 
4 
HW47 
Crd 
47.45 
0 00 
0 .00 
32.18 
0 .03 
10.50 
0 .00 
0 .18 
6 .76 
0 .04 
0 .22 
0 .00 
97.34 
18 
4 .99 
0 .00 
0 .00 
3 .99 
0 .00 
0 .92 
0 .00 
0 .02 
1.06 
0 .00 
0 .04 
0 .00 
11 .03 
0 .08 
0 .53 
0 .47 
0 .46 
0 .00 
0 .53 
0 .01 
0 .00 
0 .00 
4 
JG57a 
PI 
59.28 
0.00 
0 .00 
25.33 
0 .02 
0 .11 
0 .13 
0 .03 
0.00 
7 .07 
7 .63 
0 .10 
99.68 
8 
2 .66 
0 .00 
0 .00 
1.34 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .34 
0 .66 
0 .01 
5 .01 
0 .34 
0 .99 
0 .78 
1.00 
0.01 
0 .98 
0 .00 
0 .00 
0 .01 
4 
JG57a 
Kfs 
63.39 
0 03 
0 .00 
18.43 
0 .02 
0 .02 
0 .03 
0 .00 
0 .00 
0 .00 
1.45 
14.39 
97.75 
8 
2 .98 
0 .00 
0 .00 
1.02 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .13 
0 .86 
5 .00 
0 .00 
0 .00 
1.00 
0 .92 
0 .92 
0 .00 
0 .08 
0 .00 
0 87 
4 
JG57a 
Bt 
35.39 
2.77 
0.00 
17.91 
0. 17 
21.72 
0. 13 
0.08 
7.58 
0 .00 
0 .11 
9.36 
95.20 
22 
5.46 
0 .32 
0 .00 
3 .26 
0 .02 
2.80 
0 .02 
0 .01 
1.74 
0 .00 
0 .03 
1.84 
15.51 
0 .00 
0 .00 
0 59 
0 .62 
0 .62 
0 .00 
0 .38 
0 .00 
0 .98 
4 
JG57a 
Spl 
0 .01 
0 .03 
0 .00 
54 .96 
0 .06 
40.61 
0 .75 
0 .48 
1.19 
0 .02 
0 .00 
0 .00 
98 .11 
4 
0 .00 
0 .00 
0 .00 
1.93 
0 .00 
1.01 
0 .02 
0 .01 
0 .05 
0 .00 
0 .00 
0 .00 
3 .03 
0 .60 
0 .00 
0 .58 
0 .95 
0 .94 
0 .00 
0 .05 
0.01 
0 .40 
4 
JG57a 
Sil 
36.31 
0 .03 
0 00 
62 .49 
0 .04 
0 . 16 
0 .08 
0 .00 
0 .00 
0 .02 
0.07 
0.01 
99.22 
5 
0 .99 
0 .00 
0 .00 
2 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .01 
0 .14 
0 .16 
0 .94 
1.00 
0 .82 
0 15 
0 .00 
0.02 
0 .06 
4 
JG57a 
lim 
0 .05 
52.18 
0 .00 
0 .00 
0 .07 
43.39 
0 .00 
1.06 
0.11 
0 .03 
0.00 
0 .00 
96 .90 
3 
0 .00 
1.01 
0 .00 
0 .00 
0 .00 
0 .94 
0 .00 
0 .02 
0 .00 
0 .00 
0 .00 
0.00 
1.98 
1.00 
0 .00 
0 .00 
1.00 
0 .97 
0 .00 
0 .00 
0 .02 
0 .00 
4 
HW 31 
Opx 
51 .18 
0 12 
0 .00 
0 .51 
0 .00 
29.55 
0 .00 
0 .05 
18.06 
1.08 
0 .00 
0 .00 
100.55 
3 
0 .98 
0 .00 
0 .00 
0 .01 
0.00 
0.47 
0.00 
0.00 
0 .52 
0.02 
0.00 
0 .00 
2.01 
1.00 
0 .02 
0 .52 
0.48 
0.47 
0 .02 
0 .51 
0 .00 
0 .00 
4 
HW 31 
PI 
45.70 
0 .00 
0 .00 
31.96 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
16.98 
2 .31 
0 .09 
97 .04 
32 
8.68 
0 .00 
0 .00 
7 .16 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .46 
0 .85 
0.02 
20.17 
0 .80 
1.00 
0.00 
0.00 
0 .00 
1.00 
0.00 
0.00 
0.01 
4 
HW 31 
Cpx 
50.89 
0 .16 
0 .00 
0 .71 
0 .00 
13.12 
0 .00 
0 .24 
12 .92 
20 .59 
0 .00 
0 .00 
98 .63 
3 
0 .98 
0 .00 
0 .00 
0.02 
0 .00 
0 .21 
0 .00 
0 .00 
0.37 
0.42 
0 .00 
0 .00 
2.01 
1.00 
0 .42 
0 .64 
0.36 
0 .21 
0 42 
0 .37 
0.00 
0.00 
4 
HW 15 
Cpx 
51 .87 
0 .24 
0 .00 
1.01 
0 .00 
11 .81 
0 .00 
0 .33 
12. 58 
22. 17 
0 .00 
0 .00 
100.01 
6 
1.96 
0 .01 
0.00 
0 .05 
0 .00 
0 .37 
0 .00 
0 .01 
0.71 
0 .90 
0 .00 
0 .00 
4 .01 
1.00 
0.45 
0 .65 
0.35 
0 .19 
0 .45 
0 .36 
0.01 
0 .00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
6203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
F 
TOTAL 
num ox 
Si 
Ti 
B 
AI 
Cr 
Fe 
Zn 
Mn 
Mg 
ca 
Na 
K 
Total 
XM 
Xca 
Xrng 
x te 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
4 
HW 15 
PI 
51.67 
0 .00 
0 00 
30 .56 
0 .00 
0 .34 
0.00 
0 .00 
0 .13 
13.53 
4.11 
0 .06 
100.40 
8 
2 .34 
0.00 
0.00 
1.63 
0 .00 
0 .01 
0 .00 
0.00 
0 .01 
0 .66 
0 .36 
0 .00 
5.02 
0 .64 
0 .97 
0 .41 
0 .59 
0 .02 
0 .97 
0 .01 
0 .00 
0 .00 
4 
HW 15 
Hbl 
46.08 
2 .25 
0 .00 
9 .07 
0 .00 
15.77 
0.00 
0.23 
11 .99 
11.53 
2.1 1 
0 .45 
99.48 
23 
6.73 
0 .25 
0 .00 
1.56 
0 .00 
1.93 
0 .00 
0 .03 
2 .61 
1.80 
0 .60 
0 .08 
15.58 
0.73 
0 .28 
0.58 
0 .42 
0 .30 
0.28 
0 .41 
0.00 
0 .03 
4 
HW 15 
Opx 
52 .39 
017 
0 .00 
0 .56 
0 .00 
29.17 
0 .00 
0 .57 
18.02 
0.99 
0.00 
0 .00 
101 .87 
6 
1.98 
0 .00 
0 .00 
0 .02 
0 .00 
0 .92 
0 .00 
0 .02 
1.01 
0 .04 
0 .00 
0 .00 
4 .00 
1.00 
0.02 
0 .52 
0.48 
0 .46 
0.02 
0 .51 
0 .01 
0 .00 
4 
11a1 
Crd 
47 .88 
0 .00 
0 00 
32 .21 
0 .00 
8 .46 
0 .00 
0 .06 
7 .96 
0 .02 
0 .12 
0 .01 
96.71 
18 
5 .01 
0 .00 
0 .00 
3 .98 
0 .00 
0 .74 
0 .00 
0 .00 
1.24 
0 .00 
0.02 
0 .00 
11.01 
0.09 
0 .63 
0 .37 
0 .37 
0 .00 
0 .62 
0 .00 
0 .05 
4 
11a1 
Kfs 
64 .57 
0 .04 
0 00 
18.56 
0 .06 
0 .03 
0. 14 
0 .00 
0 .01 
0.07 
3 .99 
10.67 
98. 13 
8 
2 .99 
0 .00 
0 .00 
1.01 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0.36 
0 .63 
5 .00 
0 .00 
0 .42 
0 .58 
0 .20 
0 .65 
0 .15 
0 .00 
0 .64 
4 
11a1 
Bt 
33 .63 
2 .78 
0.00 
17. 93 
0 .03 
22.20 
0 .10 
0.00 
6 .77 
0 .01 
0 .07 
9.03 
92.54 
22 
5.37 
0 .33 
0 .00 
3 .38 
0 .00 
2.97 
0 .01 
0 .00 
1.61 
0 .00 
0 .02 
1.84 
15.54 
0.00 
0 .35 
0 .65 
0 .65 
0 .00 
0.35 
0 .00 
0 .99 
4 
11 a 1 
Spl 
0 .02 
0 .00 
0 .00 
56.35 
0 .02 
38.58 
0 .00 
0.15 
2.33 
0 .00 
0 .01 
0 .02 
97.49 
4 
0 .00 
0 .00 
0.00 
1.96 
0.00 
0.95 
0.00 
0 .00 
0. 10 
0 .00 
0 .00 
0 .00 
3 .02 
0 .05 
0 .10 
0 .90 
0 .90 
0 .00 
0 .10 
0 .00 
0 .62 
4 
11 a 1 
Sil 
36.34 
0 84 
0 .00 
60.78 
0 .10 
2 .31 
0 .12 
0 .00 
0 .09 
0 .01 
0.03 
0 .02 
100.63 
5 
0 .79 
0 .01 
0.00 
1.56 
0 .00 
0 .04 
0 .00 
0 .00 
0 .00 
0.00 
0.00 
0 .00 
2 .42 
0 .16 
0 .06 
0 .94 
0 .93 
0 .01 
0 .06 
0 .00 
0 .27 
4 
11 a 1 
lim 
0 .02 
50 72 
0 .00 
0 .00 
0 .05 
43.89 
0 .00 
0 .60 
0 .04 
0 .03 
0 .04 
0 .00 
95.38 
3 
0 .00 
1.01 
0 .00 
0 .00 
0 .00 
0.97 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
1.99 
0 .29 
0 .00 
1.00 
0 .98 
0.00 
0.00 
0 .01 
0 .00 
4 
11 a 1 
Hbl 
34.49 
0 .35 
0 .00 
31 .56 
0 .05 
8 .33 
0 .00 
0 .04 
6 .04 
1.35 
1.77 
0 .05 
84.05 
24 
5.72 
0 .04 
0 .00 
6 .18 
0 .01 
1.16 
0 .00 
0 .01 
1.49 
0 .24 
0 .57 
0 .01 
15.43 
0 .29 
0.56 
0 .44 
0.40 
0.08 
0 .52 
0 .00 
0 .01 
4 
11a1 
Grt 
35.59 
0 .03 
0 .00 
20.60 
0 .02 
38.32 
0 .00 
0 .92 
2.34 
0 .38 
0 .01 
0 .00 
98.20 
12 
2 .96 
0 .00 
0 .00 
2 .02 
0 .00 
2.66 
0 .00 
0 .06 
0 .29 
0 .03 
0 .00 
0 .00 
8.03 
0 .98 
0 .10 
0 .90 
0 .87 
0 .01 
0 .10 
0 .02 
0 .00 
4 
11a1 
PI 
55.77 
0 .00 
0 .00 
26.03 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
8.21 
6.89 
0 .07 
96.98 
16 
5 .16 
0 .00 
0 .00 
2 .84 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .81 
1.23 
0 .01 
10.05 
0 .40 
0.00 
0 .00 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
4 
176c 
Gdd 
18.90 
0 .06 
10.26 
49.44 
0 .05 
15.09 
0 .08 
0 .00 
5 .64 
0 .02 
0 .04 
0 .01 
99.60 
9 .00 
1.09 
0 .00 
0 .34 
3 .38 
0 .00 
0 .73 
0 .00 
0 .00 
0 .49 
0 .00 
0 .00 
0 .00 
6 .05 
0 .14 
0.00 
0.40 
0 .60 
0 .60 
0.00 
0 .40 
0.00 
0.14 
Zone 
Sample 
Mineral 
Si02 
no2 
8203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
4 
176c 
Bt 
36.28 
2 .98 
0 .00 
14.29 
0.02 
20.57 
0 .08 
0 .02 
11.45 
0.04 
0 .22 
9 .55 
F 2 .29 
TOTAL 
num ox 
Si 
Ti 
B 
AI 
0 
Fe 
Zn 
Mn 
Mg 
Ci 
Ills 
K 
Total 
Xan 
Xca 
Xmg 
X fe 
xa1m 
Xgrs 
Xpyr 
Xsps 
X or 
97.77 
22.00 
5 .58 
0 .35 
0 .00 
2.59 
0.00 
2 .65 
0.01 
0.00 
2.62 
0.01 
0.06 
1.87 
15.75 
0.00 
0.00 
0 .50 
0.50 
0 .50 
0.00 
0.50 
0 .00 
0 .96 
4 
176c 
Kfs 
64.26 
0 .03 
0 .00 
18.69 
0 .02 
0 .04 
0 .13 
0.00 
0.02 
0 .08 
1.47 
14.42 
99 .15 
8 .00 
2 .98 
0 .00 
0 .00 
1.02 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
0 .13 
0 .85 
5 .00 
0.00 
0 .58 
0 .44 
0 .56 
0 .23 
0.58 
0.18 
0 .00 
0.86 
4 
176c 
Sll 
34 .21 
0.04 
1.22 
63.35 
0.05 
0.44 
0 .03 
0.02 
0. 10 
0.02 
0.06 
0.02 
99.57 
20 .00 
3.75 
0 .00 
0 .08 
8.19 
0.00 
0 .04 
0.00 
0.00 
0.02 
0 .00 
0 .01 
0 .00 
12 . 11 
0 .13 
0 .04 
0.28 
0 .72 
0 .67 
0 .04 
0 .26 
0 .03 
0 .17 
4 
176c 
Crd 
47 40 
0 .00 
0 .00 
32 .02 
0 .00 
14 .66 
0 .05 
0 .13 
5 .58 
0 .02 
0.10 
0 .03 
99 .98 
18 .00 
4 .95 
0 .00 
0 .00 
3.94 
0.00 
1.28 
0 .00 
0 .01 
0 .87 
0 .00 
0 .02 
0 .00 
11 .09 
0 .08 
0 .00 
0 .40 
0.60 
0 .59 
0 .00 
0.40 
0 .01 
0 .16 
4 
176c 
lim 
0 .04 
50.96 
0 .00 
0 .00 
0.03 
45.40 
0 .02 
0 .35 
0 .10 
0 .02 
0 .04 
0 .02 
96. 97 
3 .00 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
0 .99 
0 .00 
0 .01 
0 .00 
0 .00 
0.00 
0 .00 
2 .00 
0 .21 
4 .45 
0 .00 
1.00 
0 .38 
0 .32 
0.00 
0 .30 
0.19 
4 
176c 
Spl 
0 .00 
0.02 
0 .00 
57.43 
0.44 
38.30 
1.65 
0 .06 
1.49 
0 .00 
0 .07 
0 .01 
99.47 
4.00 
0 .00 
0.00 
0.00 
1.97 
0.0 1 
0 .93 
0 .07 
0 .00 
0 .06 
0 .00 
0 .00 
0 .00 
3 .05 
0 .00 
8.45 
0 .07 
0 .93 
0.38 
0 .32 
0 .00 
0 .30 
0.08 
4 
176a 
Kfs 
63. 96 
0 .01 
0 .0 0 
18.70 
0.04 
0 .12 
0 .06 
0 .00 
0 .00 
0 .01 
1.27 
14.69 
98.88 
8.00 
2 .98 
0 .00 
0 .00 
1.03 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0 . 11 
0 .87 
5.00 
0.00 
0 .05 
0.95 
0.83 
0.13 
0.04 
0 .00 
0.88 
4 
176a 
Spl 
0 .43 
0 .03 
0 .49 
57.91 
0 .07 
40.17 
0 .27 
0 .07 
2 .70 
0 .01 
0 .04 
0 .00 
102. 18 
4 .00 
0 .01 
0 .00 
0 .01 
1.93 
0.00 
0 .95 
0 .01 
0 .00 
0 .11 
0 .00 
0.00 
0 .00 
3 .02 
0 .11 
0 . 11 
0 .89 
0.89 
0.00 
0 .11 
0.00 
0.02 
4 
176a 
Sil 
34 .69 
0.00 
0 .60 
64 21 
0 .01 
0 .33 
0.00 
0 .00 
0 .09 
0 .02 
0.01 
0.01 
99.99 
20 .00 
3 .77 
0 .00 
0 .04 
8 .23 
0 .00 
0 .03 
0 .00 
0 .00 
0 .02 
0 .00 
0 .00 
0.00 
12.09 
0 .41 
0 .33 
0.67 
0.63 
0.05 
0.31 
0 .00 
0 . 17 
4 
176a 
Bt 
35.52 
3 .37 
0 .00 
15.34 
0 .06 
18.12 
0 .07 
0.03 
12 .59 
0 .01 
0 .09 
9.66 
94 .84 
22.00 
5.44 
0.39 
0.00 
2 .77 
0.0 1 
2.32 
0 .01 
0 .00 
2 .88 
0.00 
0 .03 
1.89 
15.74 
0.00 
0 .55 
0.45 
0.45 
0.00 
0.55 
0.00 
0 .99 
4 
176a 
Gdd 
19 37 
0 .00 
10.40 
49 91 
0.04 
13.72 
0 .10 
0 .09 
6 .30 
0 .00 
0 .00 
0 .03 
99.97 
9.00 
1. 11 
0 .00 
0 .34 
3 .37 
0 .00 
0.66 
0 .00 
0.00 
0.54 
0.00 
0 .00 
0 .00 
6 .03 
0 .04 
0 .45 
0 .55 
0 .55 
0 .00 
0.45 
0 .00 
0 .96 
4 
946 4 
Sil 
35 .97 
0 .07 
0.02 
63 .53 
0 .01 
0.36 
0.00 
0.01 
0 .00 
0.00 
0.01 
0 .00 
99.97 
20 
3.89 
0 .01 
0 .00 
8 .11 
0 .00 
0 .03 
0.00 
0.00 
0.00 
0.00 
0 .00 
0.00 
12.05 
0 .00 
0 .00 
0.00 
1.00 
0.97 
0.00 
0.00 
0.03 
0.28 
4 
9464 
Tur 
35.80 
0.15 
9 .89 
34 .86 
0.01 
7.58 
0 .01 
0 .04 
4 .90 
0 .33 
1.72 
0 .02 
95.32 
3 1 
7 .04 
0.02 
1.12 
8 .08 
0 .00 
1.25 
0 .00 
0.01 
1.44 
0 .07 
0 .65 
0 .00 
19.67 
0.10 
0.03 
0.54 
0.46 
0.45 
0.03 
0 .52 
0 .00 
0 .01 
Zone 
Sample 
Mineral 
Si02 
Ti02 
8203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
1<20 
F 
TOTAL 
num ox 
Si 
n 
B 
AI 
Cr 
Fe 
Zn 
Mn 
Mg 
01 
Na 
K 
Total 
Xcr'l 
Xca 
Xmg 
Xfe 
xa1m 
Xgrs 
Xpyr 
Xsps 
X or 
4 
9464 
Bt 
33.90 
2.69 
0 .00 
19.15 
0.00 
21.35 
0.00 
0.06 
7.06 
0.00 
0 .05 
9 .28 
93.54 
22 
5.32 
0 .32 
0.00 
3.54 
0.00 
2 .80 
0 .00 
0 .0 1 
1.65 
0 .00 
0 .01 
1.86 
15.52 
0 .00 
0 .00 
0 .37 
0 .63 
0 .63 
0 .00 
0.37 
0 .00 
0 .99 
4 
9464 
Kfs 
64 06 
0 .00 
0 .00 
18.63 
0 .00 
0 .04 
0.01 
0 .00 
0 .02 
0 .00 
0 .89 
15.40 
99.05 
8 
2.98 
0.00 
0 .00 
1.02 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .08 
0 .92 
5 .00 
0 .00 
0 .02 
0 .40 
0.60 
0.58 
0 .02 
0.39 
0.00 
0 .92 
4 
9464 
Crd 
47.80 
0 .00 
0 .00 
32.90 
0 .03 
9.89 
0.03 
0 .21 
6 .94 
0 .03 
0 .27 
0 .00 
98.10 
18 
4 . 98 
0.00 
0 .00 
4 .04 
0.00 
0 .86 
0 .00 
0 .02 
1.08 
0 .00 
0 .05 
0 .00 
11.03 
0 .06 
0 .00 
0 .56 
0 .44 
0 .44 
0 .00 
0 .55 
0 .01 
0 .00 
4 
9347 
cd core 
48.05 
0 .01 
0 .00 
33.20 
0 .02 
11.56 
6 .85 
0 .00 
0 .09 
0 .00 
0 .06 
0 .00 
99.83 
9 
2 .4 7 
0 .00 
2 .01 
0 .00 
0 .50 
0 .53 
0 .00 
0 .00 
0 .01 
0.00 
5 .52 
0 .00 
0.51 
0.49 
0 .48 
0.00 
0 .51 
0 .00 
0 .02 
0 .00 
4 
9347 
opx core 
46 50 
0 . 11 
0 .00 
3 .24 
0.02 
38.42 
10.04 
0 .00 
0 .38 
0.04 
0 .04 
0.01 
98 .82 
6 
1.91 
0 .00 
0 . 16 
0.00 
1.32 
0 .61 
0 .01 
0.00 
0.00 
0 .00 
4.01 
0.33 
0.32 
0 .68 
0.68 
0.00 
0.32 
0.01 
0. 12 
0.00 
4 
9 34 7 
gt nm 
36.90 
0 .04 
0 .00 
20. 98 
0 .00 
36 96 
3 .4 1 
0 .00 
0 .49 
0 .48 
0 .03 
0 .00 
99.29 
12 
2 .99 
0 .00 
2 .01 
0.00 
2 .5 1 
0.41 
0 .03 
0.04 
0 .00 
0 .00 
8 .00 
0 .90 
0 .14 
0 .86 
0 .84 
0.01 
0 . 14 
0.0 1 
0 .0 1 
0 .01 
4 
9347 
Grt core 
36 .68 
0 .05 
0 .00 
21 .22 
0 .02 
36.72 
4 .03 
0.00 
0.42 
0 .4 7 
0 .03 
0.02 
99.66 
4 
0.99 
0.00 
0 .67 
0.00 
0 .83 
0 .16 
0 .0 1 
0 .0 1 
0 .00 
0 .00 
2 .68 
0 .87 
0 . 16 
0 .84 
0 .82 
0 .0 1 
0 .16 
0 .01 
0 .04 
0 .00 
4 
9347 
plag 
58.59 
0 .01 
0 .00 
26.27 
0 .00 
0 .06 
0.00 
0 .00 
0 .03 
7 .94 
7 .23 
0 .09 
100.22 
16 
5 .23 
0 .00 
2 .76 
0 .00 
0 .00 
0.00 
0 .00 
0.76 
1.25 
0 .01 
10.02 
0 .38 
0 .00 
1.00 
0 .01 
0 .99 
0 00 
0.00 
0 .01 
0.99 
4 
9347 
Bt 
34 .37 
4 .09 
0 .00 
16.19 
0 .06 
22 .03 
8 .21 
0 .00 
0.06 
0 .00 
0 .21 
9 .56 
94 .78 
22.0 
5 .38 
0 .48 
2 .99 
0.0 1 
2 .88 
1.91 
0 .01 
0 .00 
0 .06 
1.91 
15.63 
0 .00 
0.40 
0 .60 
0 .60 
0 .00 
0 .40 
0 .00 
0 .97 
2 .00 
4 
101 
plag tw core 
61 14 
0 00 
24 .65 
0 .00 
0 .04 
0 .03 
0 .00 
5.69 
8 .12 
0.08 
99 .75 
3 
1.02 
0 .00 
0 .48 
0 .00 
0 .00 
0 .00 
0 .00 
0.10 
0 .26 
0.00 
1.87 
0 .28 
0.99 
0.00 
1.00 
0 .01 
0 .99 
0.00 
0 .00 
0 .00 
4 
101 
kf tw core 
63 96 
0 .02 
18.44 
0 .01 
0 .03 
0 .00 
0 .03 
0 .00 
0 .94 
15.26 
98.68 
3 
1.12 
0 .00 
0 .38 
0.00 
0.00 
0 .00 
0 .00 
0.00 
0 .03 
0 .3 4 
1.88 
0 .00 
0 .00 
0 .64 
0 .36 
0 .36 
0 .00 
0 .64 
0 .00 
0 .91 
4 
101 
gt tw rim 
37. 16 
0.02 
21.20 
0 .0 1 
36.99 
1.00 
3 .5 1 
0 .11 
0 .00 
0 .00 
100.00 
12 
2.99 
0.00 
2.01 
0 .00 
2 .49 
0 .07 
0 .42 
0 .0 1 
0 .00 
0 .00 
8 .00 
1.00 
0 .00 
0 .14 
0 .86 
0 .83 
0 .00 
0. 14 
0 .02 
0.00 
4 
101 
opx 
48. 18 
0 .15 
2 .91 
0 .05 
36.49 
0 .64 
11.72 
0.05 
0 .03 
0 .00 
100.21 
6 
1.92 
0 .00 
0 .14 
0.00 
1.22 
0 .02 
0 .70 
0 .00 
0 .00 
0 .00 
4 .01 
0 .51 
0.00 
0 .36 
0.64 
0.63 
0.00 
0 .36 
0.01 
0.00 
4 
101 
bto core 
34 .31 
3 .28 
17 .46 
0 .07 
22 .70 
0 .1 I 
7 .77 
0 .0 1 
0 .07 
9 .45 
95.23 
22 
5 .34 
0 .38 
3 .21 
0.01 
2.96 
0 .01 
1.80 
0 .00 
0 .02 
1.88 
15.61 
0.00 
0.00 
0.38 
0.62 
0.62 
0 .00 
0 .38 
0 .00 
0 .99 
Zone 
Sample 
Mineral 
Si02 
Ti02 
6203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
1<20 
F 
TOTAL 
num ox 
Si 
Ti 
B 
AI 
Cr 
Fe 
Zn 
Mn 
Mg 
c:a 
Na 
K 
Total 
Xan 
Xca 
Xmg 
X fe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
4 
101 
cd nm 
48 .12 
0 .01 
33 .04 
0.02 
10 .36 
0 .22 
7 .25 
0 .01 
0 .05 
0.02 
99.09 
18 
4 .97 
0 .00 
4 .02 
0 .00 
0 .89 
0.02 
1.11 
0.00 
0.01 
0.00 
11 .03 
0 .09 
0 .00 
0 .55 
0 .45 
0 .44 
0 .00 
0.55 
0.01 
0 .17 
4 
216 
Bt 
35.00 
4 .24 
17.25 
0 . 19 
19.08 
0.03 
0 .04 
9 .32 
0.00 
0.04 
9 .35 
94.54 
22 
5 .38 
0 .49 
3 .13 
0.02 
2.45 
0.00 
0.00 
2.14 
0.00 
0.01 
1.84 
15.47 
0.00 
0 .00 
0 .47 
0 .53 
0 .53 
0.00 
0.46 
0.00 
0 .99 
4 
2 16 
Crd 
46.83 
0 .00 
31 .61 
0 .00 
12.59 
0 .03 
0.12 
5.33 
0 .00 
0 .14 
0 .00 
96.65 
18 
4 .82 
0 .00 
3.83 
0 .00 
1.08 
0 .00 
0.01 
0.82 
0.00 
0 .03 
0.00 
11.96 
0.01 
0.00 
0 .43 
0 .57 
0.57 
0 .00 
0 .43 
0.01 
0.00 
4 
2 16 
Grt 
36.57 
0 .04 
21.07 
0 .01 
35.46 
0 .07 
1.05 
3 .06 
1.25 
0 .03 
0 .00 
98 .60 
12 
2 .99 
0 .00 
2 .03 
0 .00 
2 .42 
0 .00 
0 .07 
0 .37 
0 .11 
0 .00 
0 .00 
8 .00 
0.96 
0 .04 
0 .13 
0 .87 
0 .81 
0 .04 
0 13 
0 .02 
0 .00 
4 
2 16 
Stl 
41.73 
0 .02 
58.95 
0 .00 
0 .54 
0.00 
0 .04 
0 .00 
0 .00 
0 .03 
0 .00 
101 .32 
5 
4 .43 
0 .00 
7 .38 
0 .00 
0 .05 
0 .00 
0 .00 
0.00 
0.00 
0 .01 
0 .00 
11 .88 
0 .00 
0 .00 
0 .01 
0 .99 
0 93 
0 .00 
0 .01 
0 .06 
0 .00 
4 
21 6 
PI 
58.93 
0 .00 
25.61 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
7 .11 
7 .29 
0 .24 
99.18 
8 
10.60 
0 .00 
5 .43 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
1.37 
2 .54 
0 .05 
19.99 
0.35 
1.00 
0 .00 
1.00 
0 .00 
1.00 
0 .00 
0 .00 
0 .02 
4 
216 
Kfs 
64.04 
0 .01 
18.46 
0 .05 
0.30 
0.04 
0.02 
0.02 
0 .04 
1.32 
13.07 
97.36 
8 
12.00 
0 .00 
4.08 
0.01 
0.05 
0.00 
0.00 
0 .01 
0.01 
0.48 
3 .12 
19.76 
0.00 
0.13 
0 .10 
0 .90 
0 .75 
0.12 
0.08 
0 .05 
0.87 
4 4 4 4 
9215b+m 921 5 b+m 92 15b+m 921 5b+m 
Crd core Grt core Bt Sit 
46.79 
0 .00 
32.31 
0.00 
11 .59 
0.00 
0.22 
6.15 
0 .00 
0 . 11 
0.00 
97.15 
18 
4 .96 
0 .00 
4 .04 
0.00 
1.03 
0 .00 
0 .02 
0.97 
0.00 
0 .02 
0 .00 
11.03 
0 .01 
0 .00 
0.49 
0 .51 
0 .51 
0 .00 
0 .48 
0 .01 
0 .00 
35.8 1 
0 .03 
20.87 
0 .04 
38. 10 
0 .00 
1.11 
2 .27 
0 .32 
0 .00 
0 .00 
98.55 
12 
2 .96 
0 .00 
2 .03 
0 .00 
2.63 
0 .00 
0 .08 
0 .28 
0 .03 
0.00 
0 .00 
8 .02 
1.00 
0 .00 
0 .10 
0 .90 
0 .87 
0 .01 
0 .09 
0 .03 
0 .00 
33 .42 
3 .15 
17 .63 
0.05 
22 .90 
0 .00 
0 .09 
7 .17 
0 .00 
0 .10 
9 .34 
93.85 
22 
5 .30 
0 .38 
3 .29 
0.01 
3 .04 
0 .00 
0.01 
1.69 
0 .00 
0 .03 
1.89 
15.63 
0 .00 
0 .00 
0 .36 
0 .64 
0 .64 
0 .00 
0.36 
0.00 
0.98 
35.77 
0.00 
61 .95 
0.08 
0 .48 
0.00 
0 .02 
0 .00 
0 .01 
0 .03 
0 .01 
98.34 
5 
0 .98 
0 .00 
2.01 
0 .00 
0.01 
0.00 
0.00 
0.00 
0 .00 
0.00 
0 .00 
3 .01 
0 .11 
0.00 
0 .01 
0 .99 
0 .95 
0 .02 
0.01 
0 .03 
0 . 18 
4 
13 b 1 
gt nm 
37.03 
0 .02 
21.04 
0 .0 1 
36.75 
0 .61 
3 .15 
0 .57 
0.00 
0 .00 
99 .17 
12 
3.01 
0 .00 
2 .01 
0 .00 
2 .49 
0 .04 
0 .38 
0 .05 
0 .00 
0 .00 
7 .99 
0 .99 
0 .02 
0 .13 
0 .87 
0 .84 
0 .02 
0.13 
0 .01 
0 .00 
4 
13b1 
gt core 
31.65 
0 .02 
27.23 
0 .00 
35.91 
0 .33 
3 .53 
0 .43 
0 .01 
0 .02 
99.13 
12 
2.57 
0 .00 
2.61 
0 .00 
2 .44 
0 .02 
0 .43 
0 .04 
0 .00 
0 .00 
8 .12 
0 .91 
0 .01 
0 .15 
0 .85 
0 .83 
0 .01 
0.15 
0.01 
0 .04 
4 
13b1 
bio 
35.32 
0 .04 
20.74 
0.10 
36.39 
0.73 
3.01 
1.25 
0.00 
0.00 
97.58 
22 
5.38 
0.00 
3.73 
0.01 
4 .64 
0 .09 
0 .68 
0 .20 
0 .00 
0 .00 
14.75 
1.00 
0.04 
0.13 
0.87 
0 .83 
0 .04 
0 .12 
0 .02 
0 .00 
Zone 4 
Sample GC911 5 
Mineral Grt core 
Si02 37.08 
Ti02 0 .03 
8203 
Al203 20.61 
Cr203 0 .01 
FeO 36.39 
ZnO 0 .00 
MnO 0 .73 
MgO 4.03 
CaO 0 .16 
Na20 0 .03 
K20 0 .00 
F 
TOTAL 
num ox 
Si 
Ti 
B 
AI 
Cr 
Fe 
Zn 
M1 
Mg 
Oi 
Na 
K 
Total 
Xa1 
Xca 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
99.08 
12 
3 .01 
0 .00 
1.97 
0 .00 
2.47 
0 .00 
0 .05 
0.49 
0 .01 
0 .01 
0 .00 
8 .01 
0 .74 
0 .00 
0 16 
0 .84 
0 .82 
0 .00 
0 .16 
0 .02 
0 .00 
4 4 
GC9115 GC9115 
Kfs Bt core 
64 .52 34 .35 
0 .00 3 .31 
18.26 17.48 
0 .01 0 .11 
0 .00 22.35 
0 .00 0 .00 
0 .00 0.04 
0 .00 6 .79 
0 .00 0 .02 
1.22 0 .09 
14 .79 9.03 
98 .80 
8 
3.00 
0.00 
1.00 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0.11 
0 .88 
4 .99 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .89 
93.57 
22 
5.42 
0 .39 
3.25 
0.01 
2.95 
0 .00 
0 .01 
1.60 
0 .00 
0 .03 
1.82 
15.48 
0 .00 
0 .00 
0 .35 
0.65 
0 .65 
0 .00 
0 .35 
0 .00 
0 .98 
4 4 4 
GC9 11 5 GC911 5 1202a 
Crd core Opx core Grt nm 
47.89 46.78 30.31 
0 .00 0 .17 0 .00 
0 .00 
32 .29 3 .01 26.01 
0.01 0 .16 0 .00 
11.33 37.34 40.94 
0.00 0 .00 0.00 
0.18 0 .31 1.00 
6 .25 9 .84 1.19 
0 .01 0 .23 0 .19 
0.08 0 .01 0 .04 
0.03 0 .00 0 .00 
98.07 
18 
5 .01 
0.00 
3 .99 
0 .00 
0 .99 
0 .00 
0 .02 
0 .97 
0 .00 
0 .02 
0 .00 
11 .00 
0 .04 
0 .00 
0 .50 
0 .50 
0 .50 
0 .00 
0.49 
0 .01 
0 .18 
97.85 
6 
1.93 
0.01 
0 .15 
0 .01 
1.29 
0 .00 
0 .01 
0 .60 
0 .01 
0 .00 
0 .00 
3 .99 
0 .93 
0 .01 
0 .32 
0 .68 
0.67 
0.01 
0 32 
0 .01 
0.00 
99.68 
12 
2.53 
0 .00 
0 .00 
2.56 
0 .00 
2.86 
0 .00 
0 .07 
0 .15 
0 .02 
0 .01 
0 .00 
8. 19 
0. 72 
0 .01 
0 .05 
0 .95 
0 .92 
0 .01 
0 .05 
0 .02 
0.00 
4 
1202a 
Grt core 
33.34 
0 .00 
0 .00 
23.03 
0 .00 
41.15 
0 .00 
0 .66 
1.80 
0 .29 
0 .00 
0 .00 
100.27 
12 
2 .75 
0 .00 
0 .00 
2 .24 
0 .00 
2.84 
0 .00 
0.05 
0 .22 
0.03 
0 .00 
0 .00 
8 .13 
1.00 
0 .01 
0 .07 
0 .93 
0 .91 
0 .01 
0.07 
0 .01 
0 .00 
4 
1202a 
Opx rim 
4 5 07 
0 24 
0.00 
3 .27 
0 00 
41.20 
0 .00 
0 .32 
8 .61 
0 . 19 
0 .00 
0 .00 
98.90 
3 
0 .94 
0 .00 
0 .00 
0 .08 
0 .00 
0 .72 
0 .00 
0 .01 
0 .27 
0 .00 
0 .00 
0 .00 
2 .02 
1.00 
0 .00 
0 .27 
0 .73 
0 . 72 
0.00 
0 .27 
0 .01 
0 .00 
4 
1202a 
Bt 
35.21 
3.34 
0.00 
14.63 
0 .00 
22 .47 
0 .00 
0.00 
10.33 
0.00 
0 .14 
8.81 
94 .93 
22 
5.48 
0 .39 
0 .00 
2.69 
0.00 
2.93 
0 .00 
0.00 
2.40 
0 .00 
0 .04 
1.75 
15.68 
0 .00 
0 .00 
0.45 
0 .55 
0.55 
0 .00 
0 .45 
0 .00 
0 .98 
4 
1202a 
Kfs 
64 .90 
0 .00 
0 00 
18.56 
0 .00 
0 .00 
0 00 
0 .00 
0 .00 
0 .00 
1.49 
13.79 
98.74 
8 
3 .00 
0 .00 
0 .00 
1.01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .13 
0 .81 
4 .96 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .86 
4 
1191 c 
II 
0. 25 
51 .59 
0 00 
0 .11 
0 .00 
45.07 
0 .00 
0 .54 
0 .09 
0 .00 
0 .00 
0 .00 
97.65 
3 
0 .01 
1.00 
0 .00 
0 .00 
0 .00 
0 .97 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
1.99 
0 .00 
0 .00 
0 .00 
1.00 
0 .98 
0.00 
0 .00 
0 .01 
0 .00 
4 
11 9 1c 
Crd 
48 .94 
0 .00 
0 .00 
32.27 
0.00 
11.76 
0 .00 
0 .18 
5 .81 
0.00 
0 .06 
0 .00 
99.02 
18 
5.07 
0.00 
0 .00 
3.94 
0 .00 
1.02 
0 .00 
0 .02 
0 .90 
0 .00 
0 .01 
0 .00 
10.96 
0 .00 
0 .00 
0 .47 
0.53 
0.53 
0 .00 
0 .46 
0 .01 
0.00 
4 
11 9 1c 
2o B1 
34 .80 
3 .33 
0 .00 
18.02 
0.00 
25.00 
0 .00 
0 .00 
6 .61 
0 .00 
0.06 
8.93 
96.75 
22 
5 .35 
0 .39 
0 .00 
3 .27 
0 .00 
3.22 
0 .00 
0 .00 
1.52 
0 .00 
0 .02 
1.75 
15.51 
0 .00 
0 .00 
0 .32 
0.68 
0 .68 
0 .00 
0 .32 
0 .00 
0 .99 
4 
1 191 c 
Kfs 
66.52 
0.00 
0 .00 
18.83 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .07 
2 .59 
11.94 
99.95 
8 
3 .01 
0.00 
0 .00 
1.01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .23 
0 .69 
4 .94 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
1.00 
0 .00 
0 .00 
0 .75 
Zone 
Sample 
Mineral 
Si02 
T.02 
8203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
K20 
F 
TOTAL 
num ox 
Si 
Ti 
B 
AI 
Cr 
Fe 
Zrl 
M'l 
Mg 
Ci 
Na 
K 
Total 
XM 
Xca 
Xmg 
X le 
xalm 
Xgrs 
Xpyr 
Xsps 
X or 
4 
1191 c 
Spl 
0.23 
0 .08 
0.00 
52 .35 
0.00 
37 .38 
4 .36 
0.22 
1.28 
0.00 
0 .00 
0.00 
95.90 
4 
0 .01 
0 .00 
0.00 
1.90 
0.00 
0.96 
0. 10 
0 .01 
0.06 
0.00 
0 .00 
0.00 
3 .04 
0 .00 
0 .00 
0 .06 
0 .94 
0 .94 
0 .00 
0 .06 
0 .0 1 
0 .00 
4 
1191b 
Opx 
48 .18 
0 10 
0 .00 
3 .01 
0 .00 
39 .84 
0 .00 
0 .34 
10.00 
0 .09 
0 .00 
0 .04 
101 .60 
3 
0 .96 
0 .00 
0 .00 
0 .07 
0 .00 
0 .66 
0 .00 
0 .01 
0 .30 
0 .00 
0 .00 
0 .00 
2 .00 
0 .65 
0.00 
0 .31 
0 .69 
0 .69 
0 .00 
0 .31 
0 .0 1 
0 .35 
4 
1191b 
Crd 
50.86 
0 .00 
0 .00 
32. 98 
0.00 
11 .61 
0 .00 
0. 1 1 
6.4 9 
0 .00 
0.03 
0 .00 
102 .08 
18 
5. 10 
0.00 
0.00 
3.90 
0.00 
0 .97 
0 .00 
0.0 1 
0.97 
0.00 
0.0 1 
0 .00 
10.96 
0 .00 
0.00 
0.50 
0 .50 
0 .50 
0.00 
0.50 
0 .00 
0 .00 
4 
1191b 
Bt 
35.63 
4 .03 
0 .00 
16.76 
0.00 
23.30 
0 .00 
0.00 
7 .38 
0 .00 
0.09 
8.28 
95.47 
22 
5.49 
0.47 
0.00 
3 .04 
0.00 
3.00 
0 .00 
0 .00 
1.69 
0 .00 
0.03 
1.63 
15.35 
0.00 
0.00 
0 .36 
0 .64 
0.64 
0.00 
0 .36 
0.00 
0.98 
4 
1191b 
Kls 
66.48 
0 .00 
0.00 
18 .99 
0 .00 
0.20 
0 .00 
0.00 
0 .04 
0 .08 
1.96 
12.39 
100.14 
8 
3.01 
0.00 
0.00 
1.01 
0.00 
0.0 1 
0 .00 
0 .00 
0 .00 
0.00 
0 .17 
0 .72 
4 .93 
0 .00 
0 .27 
0 .26 
0 .74 
0.54 
0 .27 
0 .19 
0 .00 
0 .80 
4 
1191b 
II 
0 .69 
49 .90 
0 .00 
0.07 
0 .00 
47 .30 
0 .00 
0.26 
0. 11 
0 .00 
0 .00 
0.00 
98.33 
3 
0.02 
0.97 
0.00 
0.00 
0 .00 
1.02 
0 .00 
0.0 1 
0 .00 
0 .00 
0.00 
0 .00 
2 .01 
0 .00 
0.00 
0 .00 
1.00 
0.99 
0 .00 
0 .00 
0.01 
0 .00 
4 
11901 
Kls 
64.25 
0.00 
18 .29 
0 .00 
0 .05 
0 .00 
0 .00 
0 .00 
0 .82 
15.05 
98.46 
32 
12.00 
0 .00 
4 .03 
0 .00 
0.01 
0 .00 
0 .00 
0 .00 
0 .30 
3 .59 
19.92 
0 00 
0 .00 
0 .04 
0 .96 
0 .96 
0 .00 
0 .04 
0 .00 
0 .92 
4 
1190 1 
Bt 
34 .20 
3 .53 
17 .49 
0 .24 
23.69 
0 .06 
6 .52 
0 .03 
0 .05 
9.47 
95.29 
24 
5.84 
0.45 
3 .52 
0 .03 
3 .38 
0 .01 
1.66 
0 .00 
0 .02 
2 .06 
16.97 
0.00 
0 .00 
0 .33 
0 .67 
0.67 
0.00 
0.33 
0.00 
0.99 
4 
11901 
Crd 
47 .52 
0.02 
32 .19 
0.06 
12 .88 
0.16 
5.23 
0 .03 
0 .15 
0 .04 
98 .28 
18 
5.00 
0 .00 
4 .00 
0 .01 
1.13 
0 .01 
0 .82 
0 .00 
0 .03 
0 .00 
11.01 
0 .08 
0 .00 
0 .42 
0 .58 
0 .57 
0 .00 
0 .42 
0 .0 1 
0 .12 
4 
11901 
Grt 
3 6 75 
0.0 2 
21.03 
0 .10 
36.01 
1.05 
2 .88 
1.13 
0 .02 
0 .04 
99.10 
24 
5 .98 
0 .00 
4 .04 
0 .01 
4 .91 
0 .14 
0.70 
0 .20 
0.01 
0 .01 
16.00 
0 .93 
0 .03 
0 .12 
0 .88 
0 .83 
0 .03 
0 .12 
0 .02 
0 .04 
4 
1 190d 
Crd 
49.06 
0.0 0 
0.00 
32.66 
0 .00 
11.65 
0 .00 
0 .27 
6 .31 
0 .00 
0 .05 
0 .00 
100.00 
18 
5.04 
0 .00 
0.00 
3 .95 
0 .00 
1.00 
0 .00 
0.02 
0.97 
0 .00 
0.0 1 
0 .00 
10.99 
0 .00 
0 .00 
0 .00 
0 .49 
0.51 
0 .50 
0 .00 
0 .49 
0.01 
4 
1190d 
Opx 
48.02 
0 12 
0 .00 
2 89 
0 .09 
38 .99 
0 .00 
0 .95 
9 .59 
0 .06 
0 .00 
0 .05 
100.76 
3 
0 .97 
0.00 
0.00 
0 .07 
0 .00 
0 .66 
0 .00 
0 .02 
0 .29 
0 .00 
0 .00 
0 00 
2.00 
0 .50 
0 .50 
0 .00 
0.30 
0 .70 
0 .68 
0.00 
0 .30 
0 .02 
4 
1190d 
Bt 
36.14 
4 .31 
0 .00 
16 .14 
0 .00 
22.85 
0.00 
0 07 
7.97 
0 .11 
0 .19 
8 .19 
0 .73 
96.70 
22 
5 .53 
0 .50 
0 .00 
2 .91 
0 .00 
2 .92 
0 .00 
0 .01 
1.82 
0 .02 
0 .06 
1.60 
15.35 
0.01 
0 .96 
0 .00 
0 .38 
0 .62 
0 .61 
0.00 
0 .38 
0 .00 
4 
1190 d 
Kfs 
65.78 
0 00 
0 .00 
18.5 3 
0.00 
0 .00 
0 .00 
0 .00 
0.06 
0 19 
2 .8 1 
13.06 
100 .43 
8 
3 .00 
0 .00 
0 .00 
0 .99 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .01 
0 .25 
0 .76 
5 .01 
0 .01 
0.75 
0.69 
1.00 
0 .00 
0 .00 
0.69 
0.31 
0.00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
6203 
Al203 
Cr203 
FeO 
ZnO 
MnO 
MgO 
CaO 
Na20 
1<20 
F 
TOTAL 
num ox 
Si 
n 
B 
AI 
Cr 
Fe 
Zn 
Mn 
tlfJ 
01 
Na 
K 
Total 
X<w1 
Xca 
Xmg 
Xfe 
xa1m 
Xgrs 
Xpyr 
Xsps 
X or 
4 
1190d 
II 
0 .15 
52.0 1 
0 .00 
0 .00 
0 .00 
46.61 
0.00 
0 .60 
0 .26 
0 .00 
0 .00 
0 .05 
99.68 
3 
0 .00 
0 .99 
0 .00 
0 .00 
0 .00 
0 .99 
0 .00 
0 .01 
0 .01 
0 .00 
0 .00 
0 .00 
2 .01 
0 .00 
1.00 
0 .00 
0.01 
0 .99 
0 .98 
0 .00 
0 .01 
0.01 
4 
11 9 0 c 
Spl 
1.64 
0.0 0 
0 .00 
41.57 
0 .00 
47 .78 
3 .33 
0 .13 
1.50 
0 .00 
0 .19 
0 .07 
96.21 
4 
0 .05 
0 .00 
0 .00 
1.61 
0 .00 
1.31 
0 .08 
0 .00 
0 .07 
0 .00 
0 .01 
0 .00 
3 .15 
0 .00 
0 .00 
0 .05 
0 .95 
0 .94 
0 .00 
0 .05 
0 .00 
0 . 20 
4 
1190c 
Crd 
47.91 
0.00 
0.00 
3 1.69 
0 .00 
12.04 
0 .00 
0.20 
5 .98 
0 .00 
0 .10 
0 .00 
97 .92 
18 
5 .04 
0 .00 
0.00 
3 .93 
0.00 
1.06 
0 .00 
0 .02 
0 .94 
0 .00 
0.02 
0 .00 
11.01 
0 .00 
0 .00 
0 .47 
0 .53 
0 .53 
0 .00 
0 .47 
0 .01 
0 .00 
4 
1190c 
And 
3 7 .63 
0 .00 
0 .00 
61 .87 
0 .00 
1.05 
0.00 
0.00 
0 .00 
0 .00 
0.00 
0 .00 
100.55 
20 
4 .06 
0 .00 
0 .00 
7 .86 
0 .00 
0 .09 
0 .00 
o.oo 
0 .00 
0.00 
0.00 
0 .00 
12.01 
0 .00 
0 .00 
0 .00 
1.00 
1.00 
0 .00 
0 .00 
0 .00 
0.00 
4 
1190c 
Bt 
51 .85 
2 .35 
0 .00 
12 .98 
0 .00 
18 .18 
0 .00 
0 .00 
5 .59 
0 .00 
0 .00 
7 .33 
98.28 
22 
7 .20 
0 .25 
0.00 
2 .13 
0.00 
2 . 11 
0 .00 
0 .00 
1.16 
0 .00 
0 .00 
1.30 
14.14 
0.00 
0.00 
0 .35 
0 .65 
0.65 
0 .00 
0 .35 
0 .00 
1.00 
4 
1190c 
Kfs 
65.02 
0 .00 
0 .00 
18.29 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .92 
15.45 
99.68 
8 
3 .00 
0 .00 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .08 
0 .91 
4 .99 
0 .00 
0 .08 
0 .15 
0 .00 
1.00 
0.00 
0 .00 
0.35 
0 .92 
4 
11 90c 
II 
0 .65 
51.51 
0 .00 
0 00 
0 00 
46.56 
0 .00 
1.20 
0 .17 
0 .09 
0 .00 
0 .07 
100.25 
3 
0 .02 
0 .98 
0 .00 
0 .00 
0 .00 
0 .98 
0 .00 
0 .03 
0 .01 
0 .00 
0 .00 
0 .00 
2 01 
0 .52 
0 .00 
0 .01 
0 .99 
0 .97 
0 .00 
0 .01 
0 .03 
0.48 
4 
11 90b 
Mag 
0 14 
0. 11 
0 .00 
0 .48 
0 .10 
93.47 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
94 .30 
3 
0 .01 
0.00 
0 .00 
0 .02 
0 .00 
2 .95 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
2 .98 
0 .00 
0 .00 
0 .00 
1.00 
1.00 
0 .00 
0 .00 
0 .00 
0 .00 
4 
1190b 
Crd 
48 .31 
0 .0 0 
0 .00 
32 .68 
0 .00 
10 .91 
0 .00 
0 . 10 
6 .84 
0.00 
0 .0 7 
0 .03 
98.94 
18 
5 .00 
0 .00 
0 .00 
3 .99 
0.00 
0 .94 
0 .00 
0.01 
1.06 
0.00 
0 .01 
0 .00 
11.01 
0 .00 
0 .00 
0 .53 
0 .47 
0.47 
0 .00 
0 .53 
0.00 
0 .22 
4 
1190b 
2o And 
36 63 
0 .00 
0.00 
63.02 
0 .00 
0 .45 
0 .00 
0 .00 
0 .05 
0.00 
0 . 11 
0 .04 
100.30 
20 
3 .95 
0 .00 
0 .00 
8 .02 
0 .00 
0 .04 
0 .00 
0 .00 
0 .01 
0 .00 
0 .02 
0 .01 
12 .05 
0 .00 
0 .00 
0 .17 
0 .83 
0 .83 
0 .00 
0 . 17 
0 .00 
0 .19 
4 
1190b 
Bt 
33 .98 
3 .67 
0.00 
17.03 
0.00 
24.35 
0 .00 
0.00 
7 .80 
0 .00 
0 . 11 
8 .25 
0 .42 
95.61 
22 
5.30 
0.43 
0 .00 
3 . 13 
0 .00 
3.18 
0 .00 
0 .00 
1.81 
0 .00 
0 .03 
1.64 
15. 54 
0 .00 
0 .00 
0 .36 
0 .64 
0.64 
0 .00 
0 .36 
0 .00 
0 .98 
4 
1190b 
Kfs 
63 .93 
0 .00 
0 .00 
18 .46 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
1.05 
14.91 
98.35 
8 
2 .99 
0 .00 
0.00 
1.02 
0.00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0. 10 
0 .89 
4 . 99 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .90 
4 
1190b 
lim 
0 .00 
52 .31 
0 .00 
0 .07 
0 .00 
47 .22 
0 .00 
0 .54 
0 .21 
0 .00 
0 .00 
0 .00 
100.35 
3 
0.00 
0 .99 
0.00 
0 .00 
0 .00 
1.00 
0 .00 
0 .01 
0 .01 
0 .00 
0 .00 
0 .00 
2 .01 
0 .00 
0 .00 
0 .01 
0 .99 
0.98 
0 .00 
0.01 
0 .01 
0 .00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
FeO 
MlO 
MgO 
CaO 
Na20 
K20 
TOTAL 
no ox 
s 
Ti 
AI 
Cr 
Fe 
M1 
Mg 
Oi 
Na 
K 
Total 
xan 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
MB7 
Kfs 
63.66 
0 .02 
18.34 
0.02 
0 .23 
0 .00 
0 .02 
0 .06 
1 .80 
13.73 
97.88 
32 
11.94 
0 .00 
4.06 
0.00 
0.04 
0 .00 
0.01 
0 .01 
0.66 
3.29 
20.00 
0.00 
0.23 
0.15 
0.85 
0.65 
0 .23 
0 .11 
0 .00 
0 .83 
5 
MB7 
Kfs 
66.92 
0 .02 
19.20 
0 .01 
0 .07 
0 .04 
0 .01 
0 .20 
11 .22 
0 .26 
97.94 
32 
11 .95 
0 .00 
4 .04 
0.00 
0 .01 
0 .01 
0.00 
0 .04 
3 .89 
0.06 
20.00 
0 .01 
0 .76 
0 . 13 
0.87 
0 .18 
0 .68 
0 .03 
0.11 
0 .01 
5 
MB7 
A 
56.06 
0 .02 
26 .60 
0 .05 
0 .25 
0 .02 
0 .00 
8 .80 
6.48 
0 . 10 
98.39 
32 
10.24 
0 .00 
5.73 
0 .01 
0 .04 
0 .00 
0 .00 
1 .72 
2 .29 
0 .02 
20.05 
0 .43 
0.98 
0 .00 
1 .00 
0 .02 
0 .98 
0 .00 
0 .00 
0 .01 
5 
MB7 
Crd 
46 .99 
0 .02 
31 .56 
0.00 
12.72 
0 . 19 
5.48 
0.02 
0. 11 
0 .01 
97.09 
18 
5 .0 1 
0.00 
3 .96 
0 .00 
1 . 13 
0 .02 
0 .87 
0 .00 
0 .02 
0 .00 
11 .02 
0 .09 
0 .00 
0.43 
0 .57 
0 .56 
0 .00 
0 .43 
0 .01 
0 .03 
5 
MB7 
Bt 
33.28 
3 .69 
17.36 
0 .06 
24.45 
0 .06 
5 .83 
0 .00 
0 .06 
9 .50 
94 .28 
22 
5 .30 
0.44 
3 .26 
0 .0 1 
3 .26 
0 .01 
1 .38 
0 .00 
0 .02 
1 .93 
15 .60 
0.00 
0 .00 
0 .30 
0 .70 
0.70 
0 .00 
0 .30 
0 .00 
0 .99 
5 
MB7 
Grt 
35.54 
0 .00 
21 .05 
0 .00 
38.53 
0 .71 
2 .51 
0 . 10 
0 .03 
0 .00 
98.60 
24 
5 .88 
0 .00 
4.11 
0 .00 
5.33 
0 . 10 
0.62 
0 .02 
0 .01 
0 .00 
16.07 
0.70 
0.00 
0 .10 
0 .90 
0 .88 
0 .00 
0.10 
0.02 
0 .00 
5 
MB7 
As 
35.63 
0 .01 
62.32 
0.04 
0.67 
0 .00 
0 .02 
0.00 
0 .04 
0 .00 
98.85 
5 
0 .98 
0 .00 
2 .02 
0 .00 
0 .02 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .01 
0 .00 
0 .00 
0 .06 
0 .94 
0.94 
0 .00 
0 .06 
0 .00 
0 .00 
5 
MB11 9 
Kfs 
63.25 
0 .00 
17.98 
0 .00 
0 .00 
0 .01 
0 .00 
0 .00 
2 .09 
13.43 
96.76 
32 
1 1.98 
0 .00 
4 .02 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .77 
3 .25 
20.02 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
1 .00 
0 .81 
5 
MB1 19 
Kfs 
66.51 
0 .06 
19.83 
0 .00 
0 .00 
0 .02 
0 .00 
0 .75 
11 .09 
0 . 10 
98.35 
32 
11 .84 
0 .01 
4 . 16 
0.00 
0 .00 
0 .00 
0 .00 
0 . 14 
3 .83 
0 .02 
20.00 
0 .04 
0.99 
1 .00 
0 .00 
0 .00 
0 .97 
0 .01 
0 .02 
0 .01 
5 
MB119 
Crd 
47.56 
0 .00 
32 .02 
0 .02 
11.09 
0 .28 
6 .33 
0.00 
0 .15 
0 .01 
97.46 
18 
5 .01 
0 .00 
3 .98 
0 .00 
0 .98 
0.03 
0 .99 
0 .00 
0 .03 
0 .00 
11 .02 
0 .01 
0.00 
0 .50 
0 .50 
0 .49 
0 .00 
0 .50 
0 .0 1 
0.02 
5 
MB119 
Bt 
32 .31 
2 .90 
17 .96 
0 .23 
22 .94 
0 .10 
6 .52 
0 .00 
0 .15 
8 .97 
92 .07 
22 
5 .23 
0 .35 
3 .43 
0 .03 
3 .11 
0 .01 
1 .57 
0 .00 
0 .05 
1 .85 
15 .63 
0.00 
0 .00 
0 .34 
0 .66 
0.66 
0.00 
0.34 
0.00 
0.98 
5 
MB119 
As 
35.94 
0.00 
62.54 
0.06 
0.49 
0 .06 
0 .04 
0 .00 
0 .02 
0 .00 
99 .33 
5 
0 .98 
0 .00 
2.01 
0 .00 
0 .01 
0 .00 
0.00 
0.00 
0 .00 
0 .00 
3 .01 
0.00 
0 .00 
0 . 11 
0.89 
0 .80 
0.00 
0.10 
0 .09 
0 .00 
5 
MB119 
Grt 
36.36 
0 .03 
21 .02 
0 .00 
37.72 
0 .75 
2 .91 
0 .28 
0 .05 
0 .02 
99. 14 
24 
5 .94 
0 .00 
4 .05 
0 .00 
5 .16 
0 .10 
0 .71 
0 .05 
0 .01 
0 .01 
16.04 
0 . 71 
0 .01 
0 .12 
0 .88 
0 .86 
0 .01 
0 .12 
0 .02 
0 .07 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
RIO 
M-0 
MgO 
ca::> 
Na20 
1<20 
TOTAL 
no ox 
s 
Ti 
AI 
Cr 
Fe 
Ml 
Mg 
ca 
Na 
K 
Total 
Xc¥'1 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
9467 
A 
62 .13 
0 .03 
23 .46 
0 .01 
0 .03 
0 .03 
0.00 
4 .74 
8 .85 
0 .15 
99 .43 
32 
11 .07 
0 .00 
4 .93 
0.00 
0.00 
0.00 
0 .00 
0 .91 
3 .06 
0.03 
20.01 
0.23 
0.99 
0.00 
1 .00 
0 .01 
0.99 
0 .00 
0.01 
0 .01 
5 
9467 
Kfs 
64 .06 
0 .02 
18 .76 
0 .06 
0 .00 
0 .00 
0.00 
0 . 16 
3 .01 
12.50 
98 .58 
32 
11.89 
0 .00 
4 . 10 
0 .01 
0 .00 
0 .00 
0 .00 
0 .03 
1.08 
2 .96 
20.08 
0.01 
1 .00 
0 .00 
0 .00 
0 .00 
0 .98 
0 .00 
0.02 
0.73 
5 
9467 
Bt 
34 .93 
3.80 
16 .33 
0 .06 
23.13 
0 .02 
7.78 
0 .00 
0.05 
9 . 18 
95 .28 
22 
5.43 
0 .44 
3 .00 
0 .01 
3.01 
0 .00 
1.80 
0 .00 
0 .02 
1 .82 
15.54 
0 .00 
0 .00 
0.37 
0 .63 
0 .62 
0 .00 
0.37 
0.00 
0 .99 
5 
9467 
Crd 
46.93 
0.00 
31 .85 
0 .00 
12.65 
0 .25 
5.52 
0 .01 
0.14 
0 .02 
97.37 
18 
4.99 
0 .00 
3.99 
0 .00 
1 .12 
0 .02 
0.87 
0 .00 
0 .03 
0.00 
11 .03 
0 .05 
0 .00 
0.44 
0 .56 
0 .56 
0 .00 
0.43 
0 .01 
0.07 
5 
9467 
lim 
0.04 
51 . 12 
0 .00 
0 .00 
45.43 
0 .79 
0 .06 
0 .04 
0.00 
0 .02 
97.51 
3 
0.00 
1.00 
0.00 
0 .00 
0 .98 
0.02 
0 .00 
0 .00 
0.00 
0.00 
2 .00 
0.59 
0.00 
0 .00 
1.00 
0 .98 
0 .00 
0.00 
0 .02 
0 .34 
5 
93336 
A 
45.80 
0 .03 
33.68 
0.00 
0.12 
0 .00 
0.00 
17.20 
1 . 71 
0 .03 
98.57 
32 
8.55 
0 .00 
7.41 
0 .00 
0.02 
0.00 
0 .00 
3.44 
0.62 
0 .01 
20.05 
0.85 
0 .99 
0 .00 
1.00 
0 .01 
0 .99 
0 .00 
0 .00 
0 .00 
5 
93336 
Cpx 
50.30 
0.89 
4 .47 
0.07 
16.18 
0.16 
13.58 
11 .08 
0.50 
0 .35 
97.57 
6 
1 .93 
0 .03 
0.20 
0.00 
0 .52 
0 .01 
0 .78 
0.46 
0 .04 
0 .02 
3.97 
0 .89 
0 .26 
0.60 
0.40 
0 .30 
0.26 
0.44 
0 .00 
0 .03 
5 
93336 
Bt 
36.24 
4.80 
14.03 
0 .04 
20. 14 
0 .07 
10 .96 
0 .07 
0.13 
9.31 
95.79 
24 
6.04 
0 .60 
2 .76 
0 .01 
2.81 
0 .01 
2 .72 
0 .01 
0 .04 
1 .98 
16.98 
0 .01 
0 .00 
0.49 
0 .51 
0 .51 
0 .00 
0 .49 
0 .00 
0 .97 
5 
93336 
lim 
0 .00 
52.65 
0 .00 
0.06 
44.82 
0 .75 
0.47 
0 .01 
0 .01 
0 .00 
98 .78 
3 
0 .00 
1 .01 
0 .00 
0 .00 
0 .95 
0 .02 
0 .02 
0.00 
0 .00 
0.00 
1 .99 
0 .37 
0 .00 
0 .02 
0.98 
0 .97 
0 .00 
0 .02 
0 .02 
0.00 
5 
3 11 
Kfs 
63.87 
0 .03 
18.78 
0.01 
0.12 
0.01 
0.02 
0 .02 
1 .01 
14 .67 
98 .54 
16 
5 .96 
0 .00 
2 .06 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 . 18 
1 .75 
9.97 
0 .00 
0 .20 
0 .80 
0.64 
0 . 16 
0.16 
0 .04 
0 .90 
0 . 17 
5 
311 
PI 
57.30 
0 .04 
26.84 
0 .00 
0.22 
0 .00 
0.00 
8 .22 
6.88 
0 .07 
99 .57 
32 
10 .31 
0 .01 
5 .69 
0 .00 
0.03 
0 .00 
0 .00 
1 .58 
2 .40 
0 .01 
20.04 
0 .40 
0 .00 
1 .00 
0 .02 
0 .98 
0 .00 
0 .00 
0.00 
0 .98 
5 
311 
Grt rim 
36 .68 
0 .00 
20 .74 
0 .01 
39.13 
0 .53 
2 .25 
0 .36 
0 .00 
0 .01 
99.71 
12 
2 .99 
0 .00 
2.00 
0.00 
2 .67 
0 .04 
0 .27 
0 .03 
0 .00 
0 .00 
8.01 
0 .96 
0 .09 
0.91 
0 .89 
0 .01 
0 .09 
0 .01 
0.04 
0 .01 
5 
311 
Grt core 
19.69 
0.02 
38.74 
0 .05 
36.17 
0 .25 
3 .53 
0 .24 
0 .02 
0 .00 
98 .71 
1 2 
1 .64 
0 .00 
3 .81 
0 .00 
2.52 
0.02 
0 .44 
0 .02 
0 .00 
0 .00 
8.45 
0 .88 
0 .15 
0 .85 
0 .84 
0 .01 
0.15 
0 .01 
0 .00 
0 .01 
Zone 
Sample 
Mineral 
Si02 
TI02 
Al203 
Cr203 
RlO 
M10 
MgO 
CaO 
Na20 
K20 
TOTAL 
no ox 
Si 
n 
AI 
Cr 
Fe 
1\.tl 
Mg 
ca 
Na 
K 
Total 
Xan 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
311 
Crd 
48.32 
0 .01 
32.60 
0.00 
11 .54 
0.01 
6.61 
0.02 
0 .06 
0.01 
99.17 
9 
2.50 
0.00 
1.99 
0.00 
0.50 
0.00 
0.51 
0.00 
0.01 
0.00 
5.51 
0.11 
0 .51 
0.49 
0.49 
0.00 
0.50 
0 .00 
0.11 
0 .00 
5 
311 
Ged 
36.00 
0.05 
22.41 
0.01 
31.42 
0.30 
4 .37 
0 .13 
1 .96 
0.06 
96.71 
24 
5 .88 
0 .01 
4 .32 
0 .00 
4 .29 
0 .04 
1 .07 
0 .02 
0 .62 
0.01 
16.27 
0 .03 
0.20 
0 .80 
0 .79 
0 .00 
0 . 20 
0 .01 
0.02 
0 .00 
5 
311 
Bt 
34.43 
2.62 
17 .84 
0 . 18 
19 .67 
0 .01 
10 .23 
0.00 
0 .07 
9 .64 
94 .68 
1 1 
2.66 
0 .15 
1 .62 
0 .01 
1.27 
0 .00 
1 . 18 
0 .00 
0 .01 
0 .95 
7 .85 
0 .00 
0.48 
0 .52 
0.52 
0.00 
0 .48 
0 .00 
0 .99 
0.00 
5 
9310 
Grtrim 
35.61 
0 .00 
20.56 
0 .00 
37 .54 
0 .63 
2 . 71 
0 .32 
0 .02 
0 .01 
97.40 
1 2 
2.97 
0.00 
2 .02 
0 .00 
2.62 
0 .04 
0.34 
0 .03 
0 .00 
0 .00 
8 .02 
0.87 
0 .01 
0 .11 
0.89 
0 .86 
0 .01 
0.11 
0.01 
0 .03 
5 
9310 
Grt core 
35 .62 
0.00 
20.53 
0 .00 
37 .97 
0.41 
2 .79 
0.62 
0 .01 
0 .00 
97.93 
4 
0 .99 
0 .00 
0.67 
0 .00 
0.88 
0 .01 
0 .11 
0 .02 
0 .00 
0.00 
2 .68 
0 .98 
0 .88 
0 .14 
0 .86 
0.02 
0 . 11 
0 .01 
0.00 
0 .02 
5 
9310 
Kfs 
62.93 
0.03 
18.48 
0 .05 
0 .14 
0 .00 
0.00 
0.02 
1 .02 
14.14 
96.82 
8 
2 .98 
0 .00 
1.03 
0.00 
0 .01 
0.00 
0.00 
0.00 
0 .09 
0 .86 
4 .97 
0 .00 
0 .1 8 
0.00 
1.00 
0 .82 
0.18 
0 .00 
0.00 
0.90 
5 
9310 
Bt 
34.40 
2.45 
18.87 
0.28 
20.62 
0 .00 
9.41 
0.01 
0 .05 
8.42 
94 .51 
22 
5 .30 
0 .28 
3.43 
0.03 
2.66 
0.00 
2.16 
0.00 
0 .01 
1 .65 
15 .52 
0 .00 
0.00 
0.45 
0.55 
0 .55 
0.00 
0.45 
0 .00 
0.99 
5 
9310 
Crd rim 
47.08 
0 .03 
31.92 
0.00 
12.01 
0.08 
5.63 
0.00 
0 .05 
0 .00 
96 .80 
18 
5 .01 
0 .00 
4 .00 
0 .00 
1 .07 
0 .01 
0.89 
0 .00 
0 .01 
0 .00 
10.99 
0 .00 
0 .00 
0.46 
0 .54 
0 .54 
0 .00 
0 .45 
0 .00 
0 .00 
5 
9310 
Crd core 
46 .78 
0.02 
32.28 
0.00 
11 .38 
0.26 
6 .41 
0 .01 
0 .09 
0 .00 
97.22 
9 
2.48 
0 .00 
2 .01 
0 .00 
0 .50 
0.0 1 
0 .51 
0.00 
0 .01 
0.00 
5 .52 
0 .04 
0 .50 
0 .51 
0 .49 
0.00 
0.50 
0 .01 
0 .00 
0 .00 
5 
9310 
A 
56 .81 
0.00 
25.71 
0 .00 
0.15 
0.05 
0.00 
7 .51 
6 .99 
0 .10 
97.33 
8 
2 .61 
0 .00 
1 .39 
0.00 
0.01 
0 .00 
0 .00 
0.37 
0.62 
0 .01 
5 .01 
0 .37 
0 .98 
0 .00 
1 .00 
0 .02 
0 .98 
0 .00 
0.01 
0 .01 
5 
9310 
Ged 
38.13 
0.10 
21 .02 
0 .02 
31.54 
0.46 
4 .92 
0.09 
1.41 
0 .04 
97.71 
24 
6 .14 
0 .01 
3.99 
0 .00 
4 .24 
0.06 
1.18 
0 .02 
0 .44 
0 .01 
16.08 
0.03 
0 .00 
0 .22 
0 .78 
0 .77 
0.00 
0.21 
0.01 
0 .02 
5 
9310 
Sil 
35.75 
0 .02 
62.39 
0 .06 
0 .23 
0 .00 
0 .02 
0 .00 
0.02 
0.02 
98 .50 
5 
0.98 
0 .00 
2 .02 
0.00 
0 .01 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
3 .01 
0.00 
0 .00 
0 .12 
0 .88 
0 .88 
0 .00 
0 .12 
0 .00 
0.40 
5 
GC14 
Grt core 
37.36 
0 .04 
20.84 
0 .01 
37.37 
1 .00 
3 .21 
0.47 
0 .00 
0.00 
100.28 
12 
3 .01 
0 .00 
1 .98 
0 .00 
2 .52 
0.07 
0.38 
0 .04 
0.00 
0 .00 
8 .00 
1 .00 
0 .13 
0 .87 
0.84 
0 .01 
0 .13 
0 .02 
0 .00 
0 .02 
Zone 
Sample 
Mineral 
Si02 
Ti02 
A1203 
Cr203 
FeO 
MlO 
MgO 
cao 
Na20 
K20 
TOTAL 
no ox 
Si 
Ti 
AI 
Cr 
Fe 
M1 
Mg 
ca 
Na 
K 
Total 
xan 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
14 
Crd 
47 .75 
0 .00 
31 .2 7 
0 .00 
10 .87 
0 .12 
6.40 
0 .00 
0 . 18 
0 .01 
96.59 
18 
5 .06 
0 .00 
3 .91 
0 .00 
0 .96 
0 .01 
1 .01 
0 .00 
0 .04 
0 .00 
11 .00 
0 .00 
0 .51 
0.49 
0.49 
0 .00 
0 .51 
0 .01 
0 .05 
0 .00 
5 
14 
As 
36 .69 
0 .00 
62.6 2 
0 .01 
0 .21 
0 .00 
0.02 
0.04 
0 .01 
0 .02 
99 .63 
10 
1.99 
0 .00 
4 .00 
0 .00 
0 .01 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
6 .01 
0 .50 
0 .16 
0 .84 
0 .70 
0 .16 
0 .14 
0 .00 
0 .31 
0 . 16 
5 
14 
PI 
57.95 
0.02 
26.40 
0 .01 
0 .03 
0.00 
0 .00 
8.06 
6.98 
0.09 
99.55 
1 6 
5 .21 
0 .00 
2 .80 
0 .00 
0 .00 
0 .00 
0 .00 
0 .78 
1 .22 
0 .01 
10.01 
0 .39 
0.00 
1 .00 
0 .00 
1.00 
0 .00 
0 .00 
0 .01 
1.00 
5 
14 
Kfs 
63.91 
0 .00 
18. 17 
0 .00 
0 .00 
0 .02 
0 .03 
0 .00 
1 .31 
14.38 
97.81 
16 
6 .00 
0 .00 
2.01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .24 
1 . 72 
9 .98 
0 .00 
1.00 
0 .00 
0 .00 
0 .00 
0 .68 
0 .32 
0 .88 
0 .00 
5 
1 4 
Bt 
34 .60 
3 .30 
18.46 
0.02 
21 .51 
0 .06 
7 .13 
0 .00 
0 .13 
9 .59 
94.80 
1 1 
2.69 
0. 19 
1.69 
0 .00 
1.40 
0 .00 
0 .82 
0 .00 
0 .02 
0 .95 
7 .76 
0 .00 
0 .37 
0 .63 
0 .63 
0 .00 
0 .37 
0 .00 
0 .98 
0 .00 
5 
14 
Spl 
0.01 
0.18 
55.30 
0 .01 
38.15 
0 .21 
1.70 
0 .00 
0 .06 
0 .02 
95.65 
16 
0 .00 
5 .63 
0 .03 
0 .00 
4 .32 
0 .02 
0 .34 
0 .00 
0 .02 
0 .00 
10.36 
0 .00 
0 .07 
0 .93 
0 .92 
0 .00 
0 .07 
0 .01 
0 .15 
0 .00 
5 
MB154 
A 
52.67 
0 .00 
30 .22 
0 .02 
0.14 
0.00 
0.00 
12.51 
4 .32 
0 .08 
99.95 
32 
9 .55 
0 .00 
6.46 
0 .00 
0 .02 
0 .00 
0 .00 
2.43 
1 .52 
0 .02 
19 .99 
0 .61 
0 .99 
0 .00 
1 .00 
0 .01 
0 .99 
0 .00 
0 .00 
0 .00 
5 
MB154 
Cpx 
52.89 
0 .06 
0.43 
0 .07 
11.33 
0 .28 
11.99 
22.86 
0 . 14 
0.01 
100.05 
6 
2 .00 
0 .00 
0 .02 
0 .00 
0 .36 
0.01 
0 .67 
0 .92 
0 .01 
0 .00 
4 .00 
0 .99 
0.47 
0 .65 
0 .35 
0.18 
0.47 
0 .34 
0 .00 
0 .00 
5 
MB154 
Opx 
50.83 
0 .10 
0 .35 
0 .00 
30.74 
0 .61 
16 .22 
0 .82 
0 .01 
0 .01 
99.69 
6 
1 .98 
0.00 
0 .02 
0 .00 
1 .00 
0.02 
0.94 
0 .03 
0 .00 
0.00 
4 .01 
0 .97 
0 .02 
0.48 
0.52 
0 .50 
0 .0 2 
0.47 
0 .01 
0 .01 
5 
MB154 
Hbl 
46 .28 
1. 70 
8 .76 
0 .00 
16 .78 
0 . 17 
10.97 
11 .40 
1 .21 
0 .55 
97.83 
2 3 
6 .87 
0 .19 
1 .53 
0 .00 
2 .08 
0 .02 
2.43 
1 .81 
0 .35 
0 .10 
15.40 
0 .80 
0 .29 
0 .54 
0 .46 
0 .33 
0 .29 
0 .38 
0 .00 
0 .05 
5 
MB198 
Kfs 
63.92 
0 .00 
18.39 
0 .00 
0. 10 
0 .04 
0 .02 
0 .01 
0 .98 
14 .85 
98.31 
32 
11 .97 
0 .00 
4 .06 
0 .00 
0 .02 
0 .01 
0 .01 
0 .00 
0 .36 
3 .55 
19.96 
0.00 
0 .09 
0 .25 
0 .75 
0 .56 
0 .07 
0 .18 
0 .19 
0 .91 
5 
MB198 
Kfs 
67.94 
0 .00 
19.58 
0.00 
0 .03 
0 .00 
0 .00 
0.24 
9.43 
0 .51 
97 .75 
32 
12 .06 
0 .00 
4 . 10 
0 .00 
0 .01 
0 .00 
0 .00 
0.05 
3 .25 
0 . 12 
19 .57 
0. 01 
0 .90 
0 .00 
1.00 
0 . 10 
0 .90 
0 .00 
0 .00 
0 .03 
5 
MB1 98 
Crd 
48.1 8 
0 .00 
32.58 
0 .00 
9 .71 
0 . 17 
7 .20 
0 .02 
0 . 13 
0.00 
97.99 
18 
5 .01 
0.00 
3 .99 
0 .00 
0.84 
0 .02 
1.12 
0 .00 
0 .03 
0.00 
11 .01 
0 .08 
0.00 
0 .57 
0 .43 
0.43 
0 .00 
0 .56 
0 .01 
0 .00 
Zone 
Sample 
Mineral 
Si02 
Ti02 
Al203 
Cr203 
FeO 
M10 
MgO 
cao 
Na20 
K20 
TOTAL 
no ox 
Si 
Ti 
AI 
Cr 
Fe 
M1 
Mg 
ca 
Na 
K 
Total 
Xan 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
MB198 
Grt 
37.00 
0 .01 
21 .03 
0 .04 
37.09 
1. 16 
3 .06 
0 .24 
0 .02 
0 .01 
99 .64 
24 
6 .00 
0.00 
4 .02 
0 .01 
5 .03 
0 . 16 
0 .74 
0.04 
0 .01 
0 .00 
15.99 
0 .82 
0 .01 
0 . 13 
0 .87 
0.84 
0 .01 
0 .12 
0 .03 
0.06 
5 
MB198 
Bt 
34 .63 
3.49 
18 .09 
0 .22 
20.11 
0 .06 
8.43 
0 .02 
0 .12 
9 .09 
94 .34 
24 
5 .85 
0 .44 
3 .60 
0 .03 
2 .84 
0.01 
2.12 
0 .00 
0 .04 
1.96 
16.89 
0.00 
0 .00 
0 .43 
0 .57 
0.57 
0 .00 
0.43 
0 .00 
0.98 
5 
MB227 
A 
60. 17 
0 .01 
25. 15 
0 .00 
0 .06 
0.00 
0.00 
6 .78 
7 .32 
0 .09 
99.58 
32 
10.74 
0 .00 
5.29 
0.00 
0 .01 
0.00 
0 .00 
1.30 
2 .53 
0 .02 
19.89 
0.34 
0.99 
0 .00 
1.00 
0.01 
0.99 
0.00 
0 .00 
0 .01 
5 
MB227 
Kfs 
66.04 
0 .21 
19. 16 
0 .00 
0 .03 
0.04 
0 .01 
0 .09 
6 .95 
5 .85 
98.38 
32 
11 .95 
0.03 
4 .09 
0 .00 
0 .00 
0.01 
0 .00 
0 .02 
2 .44 
1.35 
19.88 
0 .00 
0 .75 
0.32 
0 .68 
0 .13 
0 .58 
0 .06 
0 .23 
0 .35 
5 
MB227 
Kfs 
64 .73 
0 .00 
18.30 
0 .00 
0 .00 
0 .08 
0 .01 
0 .00 
1 .03 
14.96 
99. 12 
32 
12.01 
0 .00 
4 .00 
0 .00 
0.00 
0 .01 
0 .00 
0 .00 
0 .37 
3 .54 
19.94 
0 .00 
0 .00 
1 .00 
0 .00 
0 .00 
0 .00 
0 .16 
0 .84 
0.91 
5 
MB227 
Bt 
34.61 
1 .26 
1 9.44 
0.08 
21 .97 
0 .06 
7 .98 
0 .00 
0 .13 
8 .94 
94 .48 
24 
5 .86 
0 .16 
3 .88 
0 .01 
3 .11 
0 .01 
2 .01 
0 .00 
0 .04 
1 .93 
17 .02 
0 .00 
0 .00 
0 .39 
0 .61 
0 .61 
0 .00 
0 .39 
0 .00 
0 .98 
5 
MB73 
Kfs 
69 . 17 
0 .03 
15.66 
0.00 
0.15 
0 .00 
0 .07 
0 .00 
0 .80 
12.61 
98 .50 
32 
12.64 
0 .00 
3 .37 
0.00 
0 .02 
0 .00 
0 .02 
0 .00 
0 .28 
2.94 
19.28 
0 .00 
0 .46 
0 .54 
0 .54 
0 .00 
0 .46 
0 .00 
0 .91 
0 .00 
5 
MB73 
A 
68 .07 
0 .01 
20 .23 
0 .00 
0 .06 
0 .01 
0 .00 
0.41 
11 .03 
0 .07 
99.96 
32 
11 .89 
0.00 
4 .17 
0.00 
0 .01 
0.00 
0 .00 
0 .08 
3.74 
0 .02 
19.90 
0.02 
0.00 
1.00 
0 .10 
0 .89 
0 .00 
0.01 
0 .00 
0.90 
5 
MB73 
A 
60. 66 
0 .03 
24.49 
0 .00 
0.04 
0 .05 
0 .00 
6 .04 
8 .14 
0 . 11 
99 .55 
32 
10 .83 
0 .00 
5 .16 
0 .00 
0.01 
0 .01 
0.00 
1 .16 
2 .82 
0 .03 
20.01 
0 .29 
0 .00 
1 .00 
0 .00 
0.99 
0 .00 
0.01 
0 .01 
1.00 
5 
MB73 
Bt 
34.82 
0 .41 
20.09 
0 .03 
21 .27 
0 .20 
8.87 
0 .01 
0.17 
9 .23 
95.09 
22 
5 .35 
0 .05 
3 .64 
0 .00 
2 .74 
0 .03 
2 .03 
0 .00 
0.05 
1.81 
15.71 
0.00 
0 .43 
0.57 
0 .57 
0.00 
0 .42 
0 .01 
0 .97 
0.00 
5 
MB73 
Crd 
46 .09 
0 .00 
32 .16 
0 .00 
9 .64 
0 .54 
5 .61 
0 .30 
0 .17 
0 .07 
94.58 
18 
4 .98 
0 .00 
4 . 10 
0 .00 
0 .87 
0 .05 
0 .90 
0 .03 
0 .04 
0 .01 
10.99 
0 .43 
0 .51 
0 .49 
0 .47 
0 .02 
0.49 
0 .03 
0 .12 
0 .02 
5 
MB73 
As 
36 .35 
0.01 
62 .96 
0.00 
0 .34 
0.00 
0 .01 
0.00 
0 .01 
0 .00 
99.78 
5 
0 .99 
0 .00 
2 .01 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
3.01 
0.00 
0.03 
0 .97 
0 .97 
0 .00 
0 .03 
0 .00 
0.00 
0 .00 
5 
MB73 
lim 
0.00 
51 .92 
0 .00 
0 .00 
44 .21 
2 .23 
0.01 
0 .00 
0 .00 
0.00 
98 .46 
3 
0 .00 
1 .00 
0 .00 
0 .00 
0 .95 
0 .05 
0.00 
0 .00 
0 .00 
0 .00 
2 .00 
0 .00 
0 .00 
1 .00 
0 .95 
0.00 
0 .00 
0 .05 
0 .57 
0.00 
Zone 
Sample 
Mineral 
Si02 
TI02 
Al203 
Cr203 
FeO 
M10 
MgO 
cao 
Na20 
1<20 
TOTAL 
no ox 
s 
n 
AI 
Q 
Fe 
M1 
Mg 
0!. 
Na 
K 
Total 
Xan 
Xca cpx 
Xmg 
Xfe 
Xalm 
Xgrs 
Xpyr 
Xsps 
X or 
5 
HW49 
Ms 
5 0 .74 
0.48 
37.47 
0.00 
1 .48 
0 .00 
0.54 
0 .00 
0 .55 
7.40 
98.66 
22 
6 .35 
0 .05 
5 .53 
0 .00 
0.15 
0 .00 
0 .10 
0 .00 
0 .13 
1.18 
13.50 
0 .00 
0.00 
0 .39 
0 .61 
0 .61 
0 .00 
0 .39 
0 .00 
0 .90 
5 
HW49 
Bt 
35.48 
1 .80 
20 .08 
0 .00 
21 .91 
0 .16 
7 .71 
0 .00 
0 .19 
8 .41 
95 .74 
22 
5 .40 
0 . 21 
3 .60 
0 .00 
2 .79 
0 .02 
1.75 
0 .00 
0 .06 
1 .63 
15.44 
0 .00 
0 .00 
0 .39 
0 .61 
0 .61 
0.01 
0 .38 
0 .00 
0 .97 
5 
HW48 
Kls 
62.23 
0 .00 
18. 15 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
1.91 
14.09 
96.38 
8 
2 .97 
0 .00 
1 .02 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .18 
0 .86 
5 .03 
0 .00 
0 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .83 
5 
HW48 
Grt 
37.97 
0.00 
21 .63 
0 .00 
38.00 
1.46 
2 .30 
0 .34 
0 .07 
0.08 
101 .85 
1 2 
3 .02 
0 .00 
2 .02 
0.00 
2 .52 
0 .10 
0.27 
0 .03 
0 .01 
0 .01 
7 .98 
0 .61 
0 .01 
0 .10 
0 .90 
0 .86 
0 .00 
0.09 
0 .03 
0.17 
5 
HW46 
Bt 
34.48 
4 .36 
15. 15 
0 .22 
22.06 
0 .00 
8.58 
0 .00 
0 .17 
9 .28 
94.30 
22 
5.42 
0 .52 
2 .81 
0 .03 
2 .90 
0 .00 
2 .01 
0.00 
0.05 
1.86 
15.60 
0 .00 
0 .00 
0.41 
0 .59 
0 .59 
0 .00 
0.41 
0 .00 
0 .97 
5 
HW46 
Crd 
48.26 
0 .00 
32. 15 
0 .00 
13.41 
0 . 16 
5 .52 
0 .00 
0 .08 
0.00 
99.58 
1 8 
5 .02 
0 .00 
3 .94 
0 .00 
1.17 
0 .01 
0 .86 
0.00 
0.02 
0 .00 
11 .02 
0 .00 
0 .00 
0.42 
0 .58 
0 .57 
0 .41 
0.42 
0 .01 
0 .00 
5 
HW46 
Kfs 
61.47 
0 .00 
17.83 
0 .00 
0 .22 
0 .00 
0 .00 
0 .00 
1 .27 
14 .76 
95.55 
8 
2 .97 
0.00 
1 .02 
0 .00 
0 .01 
0 .00 
0 .00 
0 .00 
0 . 12 
0 .91 
5 .03 
0 .00 
0 .00 
0 .00 
1 .00 
1 .00 
0 .99 
0 .00 
0 .00 
0 .88 
5 
HW43 
Cpx 
51.45 
0 .22 
0 .97 
0 .00 
17.31 
0 .34 
10.96 
19.80 
0 .20 
0 .00 
101 .25 
6 
1.96 
0 .01 
0.04 
0 .00 
0 .55 
0 .01 
0 .62 
0.81 
0 .01 
0.00 
4 .02 
0 .98 
0 .41 
0 .53 
0.47 
0.28 
0 .03 
0 .31 
0.01 
0 .00 
5 
HW43 
A 
51.58 
0 .00 
29.02 
0 .00 
0 . 13 
0 .00 
0.00 
13.08 
4.66 
0.22 
98 .69 
8 
2.38 
0 .00 
1 .58 
0.00 
0.01 
0 .00 
0 .00 
0.65 
0.42 
0 .01 
5 .04 
0 .60 
0 .99 
0 .00 
1.00 
0 .01 
0.00 
0 .00 
0 .00 
0 .01 
5 
HW43 
Hbl 
43.14 
2 .22 
10.23 
0 .00 
19 .55 
0 . 13 
8 .92 
11 .69 
1.58 
1 . 12 
98.58 
23 
6.52 
0 .25 
1 .82 
0 .00 
2 .47 
0.02 
2 .01 
1 .89 
0.46 
0 .22 
15.66 
0.74 
0 .30 
0.45 
0 .55 
0 .39 
0 .28 
0 .31 
0.00 
0 .08 
5 
HW43 
Opx 
50. 11 
0 .20 
0 .58 
0.00 
33 .96 
0 .70 
14 .15 
1 .22 
0 .09 
0 .00 
101 .01 
6 
1 .96 
0 .01 
0 .03 
0 .00 
1.11 
0 .02 
0 .83 
0 .05 
0 .01 
0 .00 
4 .02 
0 .88 
0 .03 
0.43 
0 .57 
0 .55 
0 .99 
0.41 
0.01 
0 .00 
5 
HW12 
Hbl 
41 .61 
2 .36 
9 .87 
0.08 
15 .94 
0 .23 
10.13 
10 .61 
1 .98 
0.43 
93.24 
22 
6 .25 
0 .27 
1.75 
0.01 
2 .00 
0 .03 
2.27 
1. 71 
0 .58 
0 .08 
14 .94 
0.72 
0 .29 
0.53 
0.47 
0 .33 
0.03 
0 .38 
0 .00 
0 .03 
5 
HW1 2 
A 
48 .00 
0 .00 
29 .49 
0 .00 
0 .17 
0 .00 
0 .00 
13.28 
3.46 
0 .05 
94.45 
8 
2.31 
0 .00 
1.68 
0 .00 
0 .01 
0.00 
0 .00 
0 .69 
0.32 
0 .00 
5.01 
0.68 
0 .99 
0 .00 
1.00 
0 .01 
0.00 
0 .00 
0 .00 
0.00 
Zone 5 
Sample 2073 
Mineral Grt core 
Si02 37 .32 
Ti02 0.00 
Al203 20 .80 
Cr203 0 .00 
FeO 36 .99 
MnO 0.98 
MgO 3.34 
CaO 1 .05 
Na20 0 .00 
K20 0 .04 
TOTAL 100.52 
no ox 1 2 
Si 3 .00 
Ti 0.00 
AI 1 .97 
Cr 0 .00 
Fe 2.49 
M'l 0 .07 
Mg 0.40 
ca o.o9 
Na 0.00 
K 0 .00 
Total 8 .02 
Xan 0.96 
Xca cpx 0 .03 
Xmg 0.14 
Xfe 0 .86 
Xalm 0.82 
Xgrs 0 .00 
Xpyr 0 .13 
Xsps 0 .02 
Xor 0.04 
5 
2073 
Crd 
48 .56 
0 .00 
32.72 
0.00 
10.83 
0 .12 
6 .58 
0 .00 
0 .31 
0 .03 
99.15 
18 
5 .02 
0 .00 
3 .98 
0 .00 
0.94 
0 .01 
1 .01 
0 .00 
0.06 
0.00 
11.03 
0.00 
0 .00 
0 .52 
0 .48 
0.48 
1 .00 
0 .52 
0 .01 
0 .06 
5 
2073 
Sil 
36.63 
0 .00 
63.02 
0 .00 
0 .45 
0.00 
0.05 
0.00 
0 .11 
0 .04 
100.30 
20 
3 .95 
0 .00 
8.02 
0 .00 
0 .04 
0 .00 
0 .01 
0 .00 
0 .02 
0.01 
12.05 
0 .00 
0 .00 
0 .17 
0 .83 
0 .83 
0 .00 
0 . 17 
0.00 
0 . 19 
5 
2073 
Bt 
35.61 
0 .00 
20.4 1 
0 .00 
21.44 
0 .07 
8.92 
0.00 
0.25 
8 .77 
95.47 
22 
5.42 
0.00 
3 .67 
0 .00 
2.73 
0 .01 
2 .02 
0 .00 
0.07 
1 .70 
15 .63 
0.00 
0 .00 
0.43 
0.57 
0 .57 
1 .00 
0 .42 
0 .00 
0 .96 
5 
2073 
Kfs 
65.43 
0 .00 
18.59 
0 .00 
0 .00 
0 .00 
0 .00 
0 . 11 
2.29 
13.48 
99.90 
8 
3 .00 
0 .00 
1 .00 
0 .00 
0.00 
0 .00 
0 .00 
0 .01 
0 .20 
0.79 
5 .00 
0 .01 
1 .00 
0 .00 
0 .00 
0 .00 
1.00 
0 .00 
0 .00 
0.79 
5 
MB212 
Kfs 
65 .63 
0.04 
18.99 
0 .01 
0 .00 
0.00 
0 .00 
0 .04 
4 .56 
9.96 
99.23 
8 
2 .99 
0.00 
1 .02 
0 .00 
0.00 
0 .00 
0 .00 
0 .00 
0.40 
0 .58 
4 .99 
0 .00 
1 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0 .00 
0.59 
5 
MB212 
Kfs 
65.59 
0 .00 
21.16 
0.00 
0 .00 
0 .01 
0 .00 
1 .94 
10.41 
0.07 
99.18 
8 
2.90 
0 .00 
1.10 
0.00 
0 .00 
0 .00 
0 .00 
0 .09 
0.89 
0.00 
4 .99 
0 .09 
1 .00 
0.00 
0 .00 
0.00 
0 .00 
0.00 
0 .00 
0 .00 
5 
MB212 
2o Bt 
35.10 
0 .86 
20.42 
0 .00 
20.16 
0 .24 
8.88 
0 .00 
0 . 10 
8 .97 
94 .73 
22 
5 .37 
0 . 10 
3.69 
0 .00 
2.58 
0 .03 
2.03 
0 .00 
0 .03 
1 . 75 
15.58 
0 .00 
0 .00 
0.44 
0.56 
0.56 
0 .00 
0 .44 
0 .01 
0.98 
5 
MB212 
1o Bt 
34.01 
3.29 
18 .16 
0 .07 
22.15 
0 .15 
7.31 
0.00 
0.13 
9 .29 
94.56 
22 
5.32 
0.39 
3.35 
0 .01 
2.90 
0 .02 
1.70 
0 .00 
0.04 
1 .85 
15.57 
0 .00 
0 .00 
0 .37 
0 .63 
0 .63 
0 .00 
0 .37 
0.00 
0.98 
5 
MB212 
Crd 
48 .34 
0 .00 
32.84 
0.02 
9 .93 
0.67 
7.14 
0 .02 
0.16 
0 .03 
99 .15 
18 
4 .99 
0 .00 
3 .99 
0 .00 
0.86 
0.06 
1 . 10 
0 .00 
0.03 
0 .00 
11 .03 
0 .06 
0 .00 
0.56 
0.44 
0.43 
0 .00 
0 .54 
0 .03 
0.10 
5 
MB212 
lim 
0 . 10 
50 .7 9 
0 .00 
0 .00 
43.61 
2 .07 
0 .08 
0 .02 
0 .07 
0.00 
96 .74 
3 
0.00 
1 .00 
0 .00 
0 .00 
0 .95 
0 .05 
0 .00 
0 .00 
0.00 
0 .00 
2.00 
0.14 
0 .00 
0 .00 
1.00 
0 .95 
0 .00 
0.00 
0 .05 
0 .00 
5 
MB212 
As 
40.61 
0.02 
58.49 
0.05 
0 .29 
0 .02 
0.04 
0.00 
0 .01 
0 .00 
99 .53 
20 
4 .39 
0 .00 
7 .45 
0 .00 
0 .03 
0.00 
0 .01 
0.00 
0.00 
0.00 
11 .88 
0.00 
0 .00 
0 .20 
0 .80 
0.76 
0 .00 
0.19 
0 .05 
0.00 
~l~P .niX 
rv 
Zone 1 1 1 1 2a 2a 2a 2a 2a 2a 
Sample GC5 GC6 1107 Ps 1107Pe 182 L 182M 1109 Pe 1109 SPe 1109 EGPs 1109 
rock-type semi-pelite pelite netapsammitmetapsammitl metapelite metapsammite metapelite spotted pe netapsammitl metapelite 
mu-bi schist btw other 2 
Tin Bore Tin Bore 
Si02 47.4 78.81 70.84 68.57 56.60 60.40 55.6 61.44 62.79 59.95 
Ti02 1.04 0.373 0.501 0.559 0.68 0.75 0.718 0.706 0.63 0.709 
Al203 14.99 11 .09 12.46 17.21 23.84 20.89 24.73 19 16.96 22.73 
FeO 12.69 2.75 6.07 4.88 6.52 7.10 6.07 5.70 5.43 5.46 
MnO 0.211 0.034 0.117 0.118 0.08 0.09 0.065 0.055 0.055 0.052 
MgO 8.57 1.14 1.59 1.69 2.32 2.52 2.32 1.94 1.77 2.16 
CaO 10.34 0.136 0.146 0.176 0.23 0.18 0.292 0.284 0.561 0.336 
Na20 1.58 0.147 0.615 0.522 1.11 0.86 0.936 0.933 1.23 0.947 
1<20 0.17 3.6 3.8 4.49 6.61 4.46 7.01 6.39 6.78 6.61 
P205 0.083 0.059 0.081 0.082 0.13 0.13 0.15 0.126 0.128 0.144 
S03 0.43 O.Q1 0.02 0.03 0.24 0.08 
LOI 1.07 1.78 1.3 0.95 1.70 1.65 1.1 0.9 1 0.92 
TOTAL 98.57 99.93 97.52 99.27 99.85 99.03 99.00 97.47 97.57 100.10 
Xfe 0.60 0.71 0.79 0.74 0.74 0.74 0.72 0.75 0.75 0.72 
Pb 14 4 20.6 22 79.70 51 .3 53.2 46.6 47.9 32 
Sr 49 20 58.3 60 119.00 84.3 88.4 79.8 94.8 83 
Rb 327 156 249.3 220 277.60 188.5 330.8 312.7 315.4 336 
y 82 42 31 .9 64 37.70 35.6 40.5 29.9 32.5 77 
Zr 100 152 173.5 177 129.30 155.6 133.2 165.8 173.6 158 
Nb 15 9 10.2 15 12.30 13.0 15.2 17.6 19.3 18 
Cu 8 <2 16 11 9.90 15.1 20 21 .7 19.3 3 
Zn 127 41 104.4 102 108.00 118.9 95.9 103.1 96.5 127 
Ni 36 16 32.4 26 40.00 45.6 37.6 37.6 38.9 38 
Ga 33 13 15.9 23 31 .80 27.2 31.4 26.8 25.1 32 
Co 26.8 25.40 30.9 23.5 21 .8 22.1 
Ba 1030 787 526.8 1015 1108.90 941.3 1469.2 919.8 851 .3 1264 
Cr 55.3 81 .90 79.4 104.5 93.5 68.1 
v 42.4 98.50 102.6 97.2 86.7 87.1 
u <5 4.90 2.7 <5 <5 <5 
Th 14 <2 16.5 7 22 30.9 26.6 18.9 19.4 6 
Mo <2 <2 <2 6 
As 13 3 11 15 
Zone 2a 2a 2b 2c 2c 3 3 4 4 
Sample 1109 JG93361 144.00 1112 1112 91GC15 meso 91gc151euco GC1PO GC1 PI 
rock-type netapsammih intermed metapsammite metapelite netapsammih metapelite metapelite Pal outer Pal inner 
injectite bedded mig bedded mig 
Si02 65.83 67.01 72.90 53.71 71.79 57.90 57.62 64.66 64.71 
Ti02 0.538 0.61 0.52 0.764 0.565 1.29 0.85 0.836 0.824 
Al203 15.84 16.58 13.91 28.26 13.32 18.29 20.63 17.09 16.96 
FeO 4.73 5.37 4.20 6.06 5.37 11.02 7.60 8.80 9.99 
MnO 0.044 0.06 0.05 0.138 0.066 0.13 0.09 0.086 0.103 
MgO 1.83 1.67 1.23 2.4 1.94 3.73 2.69 2.74 3.02 
GaO 0.466 0.67 0.20 0.945 0.587 0.31 0.32 0.37 0.15 
Na20 1.19 0.41 0.97 1.45 0.87 0.32 0.95 0.554 0.205 
K20 6.76 4.43 4.28 4.89 4.22 3.05 5.74 1.49 0.5 
P205 0.135 0.13 0.12 0.18 0.098 0.08 0.10 0.069 0.078 
S03 0.03 0 0.06 0.02 
LOI 0.95 0.63 1.45 0.64 0.59 0.69 0.83 0.35 0.2 
TOTAL 98.35 97.57 99.83 99.49 99.44 96.81 97.42 97.05 96.74 
Xfe 0.72 0.76 0.77 0.72 0.73 0.75 0.74 0.76 0.77 
Pb 37 49.7 47.3 29 19 24.2 43.1 13.2 7.4 
Sr 101 85.9 87.2 161 116 94.6 174.9 42.6 12.5 
Rb 311 211.2 198.3 204 283 167.8 214.6 76.8 49.3 
y 71 29.7 26.7 61 60 28.9 29.5 35.4 64.7 
Zr 180 163.3 219.2 139 166 248.5 168.1 180 184.1 
Nb 20 10.8 9.8 20 15 22.4 14.2 17.2 17.7 
Cu <2 <2 <2 <2 12.3 28.3 <2 <2 
Zn 117 89.1 71.7 115 122 152.0 99.6 136 149.3 
Ni 39 31.9 25.3 34 32 66.2 50.3 54.8 70.2 
Ga 26 20.7 14.7 37 14 26.1 23.9 21.7 22.4 
Co 23.0 20.8 0 54.7 30.7 51.6 66.5 
Ba 1155 659.9 1680 643 284.4 252.8 
Cr 71.9 56 113 122.1 
v 69.5 60.20 161.5 104.1 94.4 85.1 
u 2.30 127.7 98.8 <5 5.3 
Th <2 17.80 16 <2 19.4 21.1 
Mo <2 <2 6 
As 18 12 9 
Zone 4 4 4 4 4 4 4 4 4 
Sample GC1 Leuc 15 46 46 49 47 47 XRF1A 9303L 
rock-type metapelite metabasite leuco meso retrog pelite meso leu co massive diatexite bedded 
bedded mig bedded mig schl mig schl mig no palaeosome migmatite 
Si02 56.69 49.17 53.01 50.42 51 .19 60.85 56.89 57.86 56.48 
Ti02 0.735 0.998 0.838 1.3 0.892 0.99 0.653 0.83 0.69 
Al203 22.78 13.96 27.16 27.09 24.88 21.2 24.21 21 .30 22.57 
FeO 7.55 12.59 10.05 13.16 9.17 10.06 5.59 7.60 6.70 
MnO 0.059 0.207 0.068 0.094 0.068 0.077 0.045 0.08 0.07 
MgO 2.59 8.96 3.73 4.74 3.02 3.67 1.94 2.81 2.38 
CaO 0.689 11 .07 0.221 0.11 0.042 0.226 1.07 0.30 0.35 
Na20 1.37 1.54 0.429 0.106 0.117 0.297 1.95 1.36 1.34 
K20 4.86 0.17 3.73 1.32 5.74 1.71 5.87 5.09 6.62 
P205 0.103 0.075 0.093 0.074 0.055 0.07 0.105 0.10 0.13 
S03 0.3 0.02 0.06 0.04 0.05 0.01 
LOI 0.62 0.13 0.42 0.53 2.96 0.69 0.65 1.71 1.60 
TOTAL 98.05 99.17 99.77 99.00 98.17 99.89 98.98 99.04 98.93 
Xfe 0.74 0.58 0.73 0.74 0.75 0.73 0.74 0.73 0.74 
Pb 31 .7 4 15 9 22 7 33 29.4 40.2 
Sr 116.2 128 69 11 55 40 221 154.5 188.8 
Rb 181 .2 174 104 285 103 209 223.5 248.0 
y 30 19 55 40 72 37 53 29.8 25.0 
Zr 146.5 60 146 225 166 189 129 163.8 119.8 
Nb 16 4 19 29 21 21 13 13.6 10.7 
Cu <2 73 <2 <2 <2 <2 <2 6.5 0.4 
Zn 112.9 103 257 186 178 160 143 105.8 92.3 
Ni 44.3 77 57 64 51 54 45 43.0 28.3 
Ga 26.4 18 32 39 35 27 30 28.3 27.4 
Co 39.8 28.9 26.1 
Ba 1456.9 1382 796 2181 746 1921 1059.4 1627.2 
Cr 104.5 100.0 89.9 
v 92.2 120.8 102.5 
u <5 4.8 4.3 
Th 22 18 <2 11 13 11 1059.4 21 .1 
Mo 6 5 8 7 8 5 
As 15 17 10 <2 15 
Zone 4 4 4 4 4 4 4 4 
Sample 9303M JG9334 9327 MB155 1190f-1 meso 1190f-1 leuco 1190f-2 leuco 1190f-2 melano 
rock-type bedded metapelite metapelite mafic/anorth metapelite metapelite metapelite melanosome 
migmatite 
Si02 56.08 55.33 50.59 47.64 52.66 57.71 55.94 58.83 
Ti02 1.14 0.74 0.97 1.07 1.29 0.74 0.81 1.01 
Al203 20.08 23.4 28.42 14.43 24.50 21 .76 22.59 21 .60 
FeO 12.42 7.72 8.94 13.08 12.01 6.50 7.96 9.58 
MnO 0.15 0.07 0.09 0.22 0.18 0.08 0.07 0.10 
MgO 4.30 2.81 4.12 7.42 3.92 2.12 2.57 3.05 
CaO 0.12 0.21 2.31 11 .74 0.20 0.30 0.25 0.14 
Na20 0.42 0.91 1.3 1.14 0.17 1.05 0.88 0.18 
K20 0.97 6.6 1.3 0.17 1.20 6.11 5.10 1.80 
P205 0.07 0.12 0.07 0.1 0.07 0.10 0.12 0.07 
803 0 0 
LOI 1.60 0.52 0.4 -0.08 0.52 0.80 0.82 0.71 
TOTAL 97.35 98.43 98.51 96.93 96.72 97.27 97.11 97.07 
Xfe 0.74 0.73 0.68 0.64 0.75 0.75 0.76 0.76 
Pb 7.5 85.2 15.7 0.0 7.6 45.7 44.3 20.8 
Sr 18.4 165.0 232.3 144.4 35.7 174.2 134.9 50.9 
Rb 79.4 285.3 81.3 4.5 83.5 252.1 216.7 100.5 
y 23.8 34.7 26.0 28.4 56.4 23.5 30.7 41 .9 
Zr 158.3 115.4 117.0 I 80.0 203.0 141 .3 161 .4 214.2 Nb 18.2 13.0 13.2 3.1 24.0 14.4 15.3 18.7 
Cu 27.2 3.1 19.2 
Zn 163.1 109.3 126.2 99.3 152.0 98.9 137.5 131 .8 
Ni 81 .6 38.9 55.9 58.4 62.4 35.6 48.9 53.6 
Ga 31.8 27.5 35.6 21 .1 34.6 25.1 26.8 27.2 
Co 66.5 30.1 41 .3 66.9 63.4 27.4 35.7 47.5 
Ba 159.1 20.8 
Cr 120.9 92.1 111 .1 35.4 
v 168.8 104.1 123.3 289.2 160.7 94.8 104.9 116.7 
u 1.9 2.9 112.6 76.0 88.4 101 .2 
Th 159.1 0.0 
Mo 
As 
Zone 
Sample 
rock-type 
Si02 
Ti02 
Al203 
FeO 
MnO 
MgO 
CaO 
Na20 
K20 
P205 
S03 
LOI 
TOTAL 
Xfe 
Pb 
Sr 
Rb 
y 
Zr 
Nb 
Cu 
Zn 
Ni 
Ga 
Co 
Ba 
Cr 
v 
u 
Th 
Mo 
As 
4 4 4 
jg9357a meso JG9357a leuco 9303jg meso 
metapsammite metapelite metapsammite 
78.93 72.36 58.87 
0.48 0.05 1.11 
9.87 14.55 21.56 
3.20 0.97 10.20 
0.04 0.01 0.06 
0.86 0.07 3.30 
0.75 0.52 0.09 
0.87 1.76 0.01 
2.07 7.11 1.05 
0.05 0.25 0.06 
0.01 
0.78 0.59 0.67 
97.91 98.24 96.98 
0.79 0.93 0.76 
6.4 20.0 10.6 
159.5 274.9 28.7 
103.8 312.7 58.1 
16.3 14.8 29.2 
248.3 63.0 198.0 
5.5 3.6 18.8 
50.9 70.3 129.0 
22.4 11.8 55.9 
8.3 10.5 25.6 
23.2 15.3 70.0 
48.5 8.1 121.5 
48.1 6.5 94.1 
4 
9303jg leuco 
metapelite 
55.97 
0.76 
23.20 
7.60 
0.04 
2.45 
0.23 
0.81 
5.95 
0.11 
0.66 
97.78 
0.76 
49.4 
127.7 
209.0 
35.7 
149.2 
13.3 
120.0 
43.2 
26.8 
32.1 
98.1 
83.0 
4 
9344jg 
metapelite 
56.81 
0.95 
21.53 
8.73 
0.08 
3.01 
0.25 
0.70 
4.47 
0.11 
0.65 
97.29 
0.74 
28.5 
128.3 
196.6 
34.1 
229.2 
16.1 
1.0 
100.3 
46.1 
27.9 
35.6 
119.6 
103.3 
5 
42 
metabasite 
50.17 
1.01 
15.82 
9.66 
0.199 
5.96 
15.47 
1.06 
0.151 
0.088 
0.08 
0.27 
99.93 
0.62 
15 
427 
6 
23 
89 
4 
16 
89 
53 
19 
61 
5 
17 
5 
22B 
metabasite 
52.63 
1.38 
15.05 
12.24 
0.196 
6.31 
10.27 
0.361 
0.102 
0.147 
0.08 
0.64 
99.41 
0.66 
6 
273 
12 
28 
135 
7 
140 
52 
19 
123 
19 
6 
4 
5 
25A 
metabasite 
49.47 
0.726 
12.23 
10.44 
0.194 
10.23 
12.79 
1.01 
0.324 
0.052 
0.18 
1 
98.65 
0.51 
7 
85 
25 
17 
16 
3 
59 
86 
89 
16 
Zone 5 5 5 5 5 5 5 5 5 
Sample 43 93316 93323 317.00 3438 JG93336 48AH 48AR MB227 
rock-type metabasite metapelite h. diatexite h. diatexite h. diatexite hybrid h.diatexite h.diatexite h.diatexite 
raft raft raft diatexite host raft no raft 
Si02 48.27 48.45 55.81 56.72 58.46 53.9 78.16 61 .56 69.94 
Ti02 1.38 0.53 0.75 0.98 0.81 0.9 0.472 1.01 0.59 
Al203 14.47 28.28 23.38 23.24 21 .35 13.88 11 .48 18.9 14.61 
FeO 14.84 10.55 7.62 7.26 6.82 10.57 2.79 7.52 4.73 
MnO 0.232 0.19 0.09 0.10 0.07 0.19 0.028 0.067 0.05 
MgO 6.42 5.71 2.19 3.74 2.50 6.08 1.02 2.99 1.45 
GaO 11 .87 0.52 0.29 2.18 0.52 10.75 1.7 0.546 0.77 
Na20 1.6 0.14 0.41 1.81 1.97 0.26 1.76 0.992 0.98 
1<20 0.257 0.65 7.18 1.39 4.84 0.57 2.13 5.08 3.52 
P205 0.14 0.15 0.11 0.07 0.11 0.09 0.129 0.098 0.09 
S03 0.02 0.65 0.14 0.01 0.1 0.06 0.005 0 
LOI 0 1.71 0.57 1.84 1.44 0.22 0.36 0.58 0.80 
TOTAL 99.50 97.53 98.40 99.48 98.90 97.51 100.09 99.35 97.53 
Xfe 0.70 0.65 0.78 0.66 0.73 0.63 0.73 0.72 0.77 
Pb 8 7.1 30.0 13.2 32.5 21.7 19 29 19.6 
Sr 191 25.3 148.7 152.6 157.8 153.4 106 120 127.2 
Rb 2 87.9 321 .6 183.1 224.1 51 .7 94 231 158.2 
y 25 15.0 24.8 10.8 32.5 26.1 31 50 22.8 
Zr 96 124.7 135.5 107.6 170.8 88.8 384 242 195.0 
Nb 7 12.4 13.9 20.1 13.4 0.9 10 23 10.9 
Cu 127.0 55.0 6.7 48.2 <2 <2 23.2 
Zn 137 228.4 78.6 100.7 100.6 84.4 62 170 74.1 
Ni 34 132.2 40.5 56.2 36.3 49.5 13 31 31 .2 
Ga 22 43.7 28.1 30.4 26.1 15.4 9 24 16.6 
Co 54.9 31 .2 34.4 24.3 56.7 25.7 
Ba 113 52.7 903.7 460 1189 648.9 
Cr 149.8 85.2 139.1 97.6 56.4 66.5 
v 85.8 102.2 135.3 111.7 227.1 76.2 
u 8.1 7.1 0.0 
Th 52.7 23.6 <2 <2 14.9 
Mo 8 8 
As 13 15 
Zone 5 5 5 
Sample MB228 93355 156 MB223 MB229 JG9467 average 
rock-type h.diatexite low grade low grade contam gran granite granite pelite standard MAX 
no raft injectite injectite zone 1-4 deviation 
Si02 79.68 56.49 52.54 71 .75 73.02 73.09 56.37 1.63 59.95 
Ti02 0.38 0.69 0.86 0.50 0.32 0.34 0.76 0.08 0.95 
Al203 10.12 22.83 27.06 14.33 14.03 13.54 23.38 2.01 28.26 
FeO 2.65 8.09 9.83 4.05 2.47 2.60 7.21 1.20 10.05 
MnO 0.04 0.76 0.15 0.05 0.04 0.04 0.07 0.02 0.14 
MgO 0.78 2.64 4.14 1.24 0.63 0.71 2.53 0.43 3.73 
CaO 0.94 0.42 0.4 0.62 1.04 1.08 0.39 0.27 1.07 
Na20 1.02 0.33 0.4 0.94 1.49 1.65 1.04 0.39 1.95 
1<20 2.54 6.04 1.48 4.50 5.10 4.74 5.78 1.00 7.18 
P205 0.09 0.15 0.1 0.11 0.14 0.13 0.12 0.02 0.18 
S03 0 0.25 0 0 0 0.01 0.03 0.08 
LOI 0.50 0.7 1.21 0.81 1.10 0.53 0.89 0.42 1.71 
TOTAL 98.74 99.14 98.42 98.90 99.38 98.45 98.56 0.99 100.10 
Xfe 0.77 0.75 0.70 0.77 0.80 0.79 0.74 0.02 0.78 
Pb 13.9 48.3 11 .9 41.3 29.9 28.2 41 .84 18.55 85.20 
Sr 113.4 70.9 48.5 129.0 80.4 87.1 140.91 40.78 221 .00 
Rb 121 .3 272.2 100.1 202.0 311 .3 267.3 242.50 52.96 336.00 
y 17.0 35.4 30.9 22.6 17.8 18.7 38.88 15.05 77.00 
Zr 215.6 111 .5 195.8 168.7 115.3 128.5 147.79 26.59 229.20 
Nb 6.3 12.8 14.7 11 .0 10.7 8.9 14.88 2.49 20.00 
Cu 0.0 2.7 44.9 0.5 0.0 0.0 10.07 28.30 
Zn 50.7 138.8 174.7 69.7 57.0 45.8 118.82 40.40 257.00 
Ni 15.9 44.2 56.7 19.9 13.3 14.6 41 .92 6.92 57.00 
Ga 10.8 28.8 38.9 15.5 15.4 13.1 28.90 3.28 37.00 
Co 19.3 33.0 49.5 20.1 17.5 18.8 22.91 9.62 39.80 
Ba 581 .1 583.1 461.7 431 .3 810.54 277.03 1921.00 
Cr 39.8 88.7 118.5 49.3 25.5 28.7 41 .13 9.14 104.50 
v 37.5 97.4 88.0 55.0 34.0 35.0 77.44 8.84 120.80 
u 3.0 2.8 1.7 5.7 
Th 12.4 15.6 11 .5 13.5 
Mo 
As 
Zone 
Sample average average 
rock-type MIN MAX-MIN psammite standard MAX MIN MAX-MIN pelite standard 
zone 1-4 deviation zone 1-2 deviation 
Si02 53.01 6.94 64.31 5.05 72.90 57.90 15.00 56.51 2.27 
Ti02 0.65 0.30 0.77 0.25 1.29 0.50 0.79 0.72 0.03 
Al203 20.63 7.63 17.59 3.05 21 .60 12.46 9.14 24.47 2.28 
FeO 5.46 4.59 7.37 2.45 11 .02 4.20 6.82 6.33 0.78 
MnO 0.04 0.10 0.08 0.03 0.13 0.04 0.09 0.08 0.03 
MgO 1.94 1.79 2.43 0.82 3.73 1.23 2.50 2.36 0.16 
CaO 0.21 0.86 0.28 0.16 0.59 0.09 0.50 0.50 0.31 
Na20 0.41 1.54 0.63 0.39 1.23 0.01 1.22 1.16 0.24 
K20 3.73 3.45 3.63 2.11 6.78 0.50 6.28 6.00 1.04 
P205 0.09 0.09 0.09 0.03 0.14 0.06 0.08 0.14 0.03 
S03 0.00 0.08 0.03 0.09 0.24 0.02 0.22 0.03 0.03 
LOI 0.42 1.29 0.86 0.40 1.65 0.20 1.45 1.00 0.44 
TOTAL 97.11 2.99 98.07 1.18 99.89 96.74 3.16 99.30 0.81 
Xfe 0.72 0.06 0.75 0.02 0.79 0.72 0.07 0.73 0.01 
Pb 15.00 70.20 26.78 16.04 51.30 7.00 44.30 45.12 21 .64 
Sr 69.00 152.00 67.91 30.50 116.00 12.50 103.50 113.52 31 .04 
Rb 174.00 162.00 188.12 97.90 315.40 49.30 266.10 265.92 71 .18 
y 23.50 53.50 42.05 15.65 71 .00 26.70 44.30 49.24 19.29 
Zr 115.40 113.80 187.46 25.00 248.50 155.60 92.90 141.20 11 .41 
Nb 10.70 9.30 16.84 3.80 22.40 9.80 12.60 16.30 2.91 
Cu 0.40 27.90 4.07 21.70 11.00 10.70 8.55 
Zn 78.60 178.40 120.98 24.33 160.00 71.70 88.30 111 .76 11 .29 
Ni 28.30 28.70 45.11 14.30 70.20 25.30 44.90 38.78 3.77 
Ga 23.90 13.10 23.05 4.79 27.20 14.00 13.20 31 .72 3.75 
Co 0.00 39.80 29.48 19.06 70.00 20.80 49.20 17.74 16.48 
Ba 1059.40 812.10 571 .09 289.38 1155.00 252.80 902.20 1395.80 217.70 
Cr 81 .90 22.60 41 .96 26.66 122.10 55.30 66.80 58.18 13.05 
v 92.20 28.60 68.44 33.09 161 .50 42.40 119.10 57.58 3.33 
u 
Th 
Mo 
As 
Zone 
Sample average average 
rock-type MAX MIN MAX-MIN psammite standard MAX MIN MAX-MIN pelite 
zone 1-2 deviation zone 2c-4 
Si02 59.95 53.71 6.24 66.39 4.42 72.90 60.40 12.50 56.31 
Ti02 0.76 0.68 0.09 0.64 0.13 0.84 0.50 0.34 0.78 
Al203 28.26 22.73 5.53 16.36 2.59 20.89 12.46 8.43 22.88 
FeO 7.55 5.46 2.09 6.23 1.87 9.99 4.20 5.79 7.61 
MnO 0.14 0.05 0.09 0.08 0.03 0.12 0.04 0.07 0.07 
MgO 2.59 2.16 0.43 2.03 0.56 3.02 1.23 1.79 2.61 
CaO 0.95 0.23 0.71 0.31 0.17 0.59 0.15 0.44 0.35 
Na20 1.45 0.94 0.51 0.79 0.32 1.23 0.21 1.03 0.98 
1<20 7.01 4.86 2.15 4.32 2.09 6.78 0.50 6.28 5.68 
P205 0.18 0.10 0.08 0.10 0.03 0.14 0.07 0.07 0.11 
S03 0.08 0.03 0.06 0.03 0.11 0.24 0.02 0.22 0.00 
LOI 1.70 0.62 1.08 0.93 0.46 1.65 0.20 1.45 0.84 
TOTAL 100.10 98.05 2.05 98.23 1.10 99.83 96.74 3.09 98.22 
Xfe 0.74 0.72 0.03 0.75 0.02 0.79 0.72 0.07 0.75 
Pb 79.70 29.00 50.70 31 .23 16.50 51 .30 7.40 43.90 40.35 
Sr 161.00 83.00 78.00 73.65 30.64 116.00 12.50 103.50 153.36 
Rb 336.00 181.20 154.80 220.43 95.40 315.40 49.30 266.10 231.85 
y 77.00 30.00 47.00 45.17 17.39 71 .00 26.70 44.30 34.16 
Zr 158.00 129.30 28.70 177.48 16.92 219.20 155.60 63.60 150.79 
Nb 20.00 12.30 7.70 15.48 3.56 20.00 9.80 10.20 14.23 
Cu 20.00 3.00 17.00 4.10 21 .70 11 .00 10.70 
Zn 127.00 95.90 31.10 112.09 21.71 149.30 71 .70 77.60 122.03 
Ni 44.30 34.00 10.30 40.18 13.76 70.20 25.30 44.90 43.35 
Ga 37.00 26.40 10.60 21.68 5.06 27.20 14.00 13.20 27.62 
Co 39.80 0.00 39.80 24.05 17.75 66.50 20.80 45.70 25.25 
Ba 1680.00 1108.90 571 .10 724.93 304.96 1155.00 252.80 902.20 544.51 
Cr 104.50 81 .90 22.60 58.74 26.66 122.10 55.30 66.80 33.38 
v 98.50 92.20 6.30 55.85 21.00 102.60 42.40 60.20 86.46 
u 4.90 4.90 5.30 2.30 
Th 26.60 6.00 30.90 7.00 
Mo 6.00 6.00 6.00 6.00 
As 15.00 12.00 18.00 9.00 
Zone 
Sample average 
rock-type standard MAX MIN MAX-MIN psammite standard MAX MIN MAX-MIN 
deviation zone 2c-4 deviation 
Si02 1.38 57.86 53.01 4.85 59.11 1.24 60.85 57.90 2.95 
Ti02 0.08 0.95 0.65 0.30 1.10 0.14 1.29 0.99 0.30 
Al203 1.78 27.16 20.63 6.53 20.66 1.59 21 .60 18.29 3.31 
FeO 1.16 10.05 5.59 4.46 10.22 0.60 11 .02 9.58 1.44 
MnO 0.02 0.09 0.04 0.05 0.09 0.03 0.13 0.06 0.07 
MgO 0.49 3.73 1.94 1.79 3.44 0.32 3.73 3.05 0.68 
CaO 0.24 1.07 0.21 0.86 0.19 0.10 0.31 0.09 0.22 
Na20 0.44 1.95 0.41 1.54 0.20 0.14 0.32 0.01 0.31 
K20 1.01 7.18 3.73 3.45 1.90 0.83 3.05 1.05 2.00 
P205 0.01 0.13 0.09 0.04 0.07 0.01 0.08 0.06 0.02 
S03 0.01 0.02 0.00 0.02 0.01 0.05 0.05 0.00 
LOI 0.42 1.71 0.42 1.29 0.69 0.02 0.71 0.67 0.04 
TOTAL 0.90 99.77 97.11 2.67 97.69 1.47 99.89 96.81 3.08 
Xfe 0.01 0.78 0.73 0.05 0.75 O.Q1 0.76 0.73 0.03 
Pb 17.91 85.20 15.00 70.20 15.65 8.16 24.20 7.00 17.20 
Sr 39.54 221 .00 69.00 152.00 53.55 28.83 94.60 28.70 65.90 
Rb 42.21 321.60 174.00 147.60 107.35 45.26 167.80 58.10 109.70 
y 10.63 55.00 23.50 31.50 34.25 6.33 41 .90 28.90 13.00 
Zr 31 .25 229.20 115.40 113.80 212.43 26.21 248.50 189.00 59.50 
Nb 2.10 19.00 10.70 8.30 20.23 1.80 22.40 18.70 3.70 
Cu 11 .67 28.30 0.40 27.90 12.30 12.30 0.00 
Zn 48.59 257.00 78.60 178.40 143.20 15.18 160.00 129.00 31 .00 
Ni 7.68 57.00 28.30 28.70 57.43 5.94 66.20 53.60 12.60 
Ga 2.17 32.00 23.90 8.10 26.48 0.75 27.20 25.60 1.60 
Co 3.29 35.70 26.10 9.60 43.05 11.49 70.00 47.50 22.50 
Ba 365.81 1921 .00 1059.40 539.00 186.50 746.00 746.00 0.00 
Cr 6.18 100.00 85.20 14.80 0.00 0.00 0.00 0.00 
v 8.85 120.80 94.80 26.00 99.93 24.60 161 .50 116.70 44.80 
u 103.30 4.30 127.70 94.10 
Th 21.10 11 .00 13.00 13.00 
Mo 5.00 5.00 8.00 8.00 
As 15.00 15.00 0.00 0.00 
Zone 
Sample average average 
rock-type diatexite standard MAX MIN MAX-MIN granite standard MAX MIN MAX-MIN 
zone 5 deviation deviation 
Si02 66.00 9.50 79.68 55.81 23.87 73.06 0.05 73.09 73.02 0.07 
Ti02 0.64 0.19 0.98 0.38 0.60 0.33 0.01 0.34 0.32 0.02 
Al203 17.55 5.25 23.38 10.12 13.26 13.79 0.35 14.03 13.54 0.49 
FeO 5.49 2.07 8.09 2.65 5.44 2.53 0.10 2.60 2.47 0.13 
MnO 0.14 0.23 0.76 0.03 0.73 0.04 0.00 0.04 0.04 0.00 
MgO 1.91 0.94 3.74 0.78 2.96 0.67 0.06 0.71 0.63 0.08 
CaO 0.90 0.63 2.18 0.29 1.89 1.06 0.03 1.08 1.04 0.04 
Na20 1.07 0.64 1.97 0.33 1.64 1.57 0.11 1.65 1.49 0.16 
1<20 4.06 1.87 7.18 1.39 5.79 4.92 0.25 5.10 4.74 0.36 
P205 0.11 0.02 0.15 0.07 0.08 0.14 0.01 0.14 0.13 0.01 
S03 0.02 0.05 0.14 0.00 0.14 0.00 0.00 0.00 0.00 0.00 
LOI 0.85 0.48 1.84 0.36 1.48 0.82 0.40 1.10 0.53 0.57 
TOTAL 98.75 0.83 100.09 97.53 2.56 98.91 0.65 99.38 98.45 0.93 
Xfe 0.75 0.04 0.78 0.66 0.12 0.79 0.01 0.80 0.79 0.01 
Pb 29.72 14.26 49.70 13.20 36.50 29.05 1.20 29.90 28.20 1.70 
Sr 121.28 30.10 157.80 70.90 86.90 83.75 4.74 87.10 80.40 6.70 
Rb 198.63 70.85 321.60 94.00 227.60 289.30 31.11 311.30 267.30 44.00 
y 25.18 7.89 35.40 10.80 24.60 18.25 0.64 18.70 17.80 0.90 
Zr 183.56 83.22 384.00 107.60 276.40 121.90 9.33 128.50 115.30 13.20 
Nb 12.13 3.74 20.10 6.30 13.80 9.80 1.27 10.70 8.90 1.80 
Cu 21.55 55.00 0.00 55.00 0.00 0.00 0.00 0.00 0.00 
Zn 84.92 26.22 138.80 50.70 88.10 51.40 7.92 57.00 45.80 11.20 
Ni 32.12 14.11 56.20 13.00 43.20 13.95 0.92 14.60 13.30 1.30 
Ga 20.67 8.08 30.40 9.00 21.40 14.25 1.63 15.40 13.10 2.30 
Co 23.44 5.82 34.40 19.30 15.10 18.15 0.92 18.80 17.50 1.30 
Ba 454.62 240.45 648.90 52.70 596.20 446.50 21.50 461.70 431.30 30.40 
Cr 70.90 30.96 139.10 39.80 99.30 27.10 2.26 28.70 25.50 3.20 
v 76.09 31.99 135.30 37.50 97.80 34.50 0.71 35.00 34.00 1.00 
u 112.60 7.10 5.70 1.70 
Th 23.60 23.60 13.50 11.50 
Mo 0.00 0.00 0.00 0.00 
As 0.00 0.00 0.00 0.00 
A5 
Structural data 
* So dip and strike readings for each zone 
*Measurements for S11 conjugate shear zones 
Zone 2 
174519 12740sw 025619 1 
13590n j 134 46s 06049n 
14166s 16243w on59n 
134 76 s 103 59 n 121 34 n 
09473n 02540w 09137n 
148 44 sw 165 36 w 160 30 9 
108 57 s 001 59 w 160 35 ne 
053 58 sw 146 20 9 135 35 ne 
040 70 nw 064 74 s 114 62 s 
032 60 9 1 079 39 n 104 45 s 02830 w 09045 n , 014 22 e 
052 45 w 021 76w 
049 34 n 024 56w 
14734s 03664w 
18045w 17351 w 
09055n 10482s 
03868w 17232w 
127 12 s 062 51 s 
17462w 09246s 
04021 w 150409 
052 39 n 075 39 n 
174 62 w 095 61 n 
13849s 06041 n 
125 47 s 045 50 n 
021 54 nw 045 68 n 
064 71 s 024 68w 
061 56 n 014 35 w 
032 50 w 074 33 n 
11013n 09033n 
03260w 05190n 
13335s 030 17w 
0503n 0905n 
065 21 s 036 81 w 
042 3 w 291 26 n 
025 7 w 098 23n 
26910n 14516n 
035709 18535w 
04968w 10929n 
057 15 s9 005 10 9 
032 18 se 035 82 w 
14531 n 10518n 
129 38 SW 050 42 9 
12613ne 01358w 
137 56 sw 180 66 w 
156 36 sw 003 64 9 
130 30 sw 026 90 w 
135 50 sw 022 63 w 
127 26 sw 175 57 9 
15525sw 181599 
075 74 s 062 27 ne 
112 48 s 075 21 s 
Zone 3-4 
055 25n 
202 81 w 
00064w 
01460w 
01060w 
175 75 e 
126 40 n 
160 65 9 
14080n 
355658 
339 489 
356 55 9 
00356w 
114 39n 
160819 
334 46e 
162 359 
000 66 9 
341 709 
17084 9 
117 29n 
172 619 
334 71 e 
334 71 9 
332 35 e 
175 589 
336 62e 
33860e 
352 62 e 
176 75 w 
16366w 
1n87w 
002 84 w 
16690w 
19961 w 
16372w 
18076W 
18076w 
170 72w 
17861 w 
20056w 
00040w 
295 SOn 
310 35 9 
304 62n 
302 47 n 
320 709 
017 41 w 
055 79 s 
179 68 9 160 33 e! 
145 20 w: 165 69 e 
168 58 w 158 46 e ' 
172 75 e ' 040 37 n 
164 84 w 010 36 w 
162 74 9, 155 80 e 
178 27 WI 170 48 w 
15137w 02962w 
14633w 15847e 
162 84 e' 355 49w 
110 80 wj too 24 n~ 
156 77 e. 148 34 e 
00290w 16530w 
149 73e: 005 41 w 
00481 e, 00665w 
014 75 e 040 25 w 
00536e 01070e 
356 75 e 150 40w 
354798 17270w 
16072 e 167 26w 
16852w 04924n 
18228w 03127w 
172 73 el 090 42 n j 
175 72 e 165 74 w 
01856w 16071 w 
001 66 w 155 34 9 
162 57 8 j 143 72 w 
15265w 10341 n 
145 44 9 120 39 9 
156 84 e. 160 53e 
015 83 w 023 45 WI 
16280w 14625s 
17090w 01316w 
027 42 w 014 76 w 
16352w 05249n 
15153e 04525n 
03229w 13536n 
000 68 wl 16914 w 
169 56 9 160 67 9 
0199w 02068e 
06519n 03426w 
01662w 14927w 
019 79 w 037 30w 
03542w 17557w 
176 66 w 010 65 w 
1
166 74 w 160 56 9 
165 74 e 169 46 w 
17068e 15163w 
167 67 w 18078w 
16143w 186n9 
0308 w 185 59 w 
Zone 5 
025 60 9 
000 55 9 
01154 w 
020 79 9 
034 76 nw 
165 72 nw l 
014 80 e 
04041 nw , 
075 80s I 090 71 s 
16583w 
15690 
001 87 w 
152 74 w 
011 809 
05090 
155639 
15040ne t., 
03045 nw 
282 26 ne r 
295 34 ne 
04055 nw 
190 24 w 
092 28 n 
132 64 sw 
08034 n 
02037 a 
150nne 
334 87 ne 
142 70 9 
160 40 9 
06078 nw 
01987. 
1 
~ 
D1a planes 
150 45 sw 
134 46 sw 
134 46 SW 
135 46 sw 
136 46 sw 
137 46 sw 
16536 w 
0905n 
15632 
135 45 s 
030 12 se 
185 55 w 
185 56w 
020 25 se 
025 60 w 
182 86 e 
05090 
D1a melt veins 
12090 
101 59n 
9960n 
10060 n 
100 59 n 
9957 n 
025 40 w 
115 79n 
32688 s 
135 70 n 
140 87 ne 
045 20 se 
05035se 
020 25se 
15590 
063 72 n 
165 90 
I 
I 
F1 b axial planes 
1830 56.0 w 
197.0 410 w 
198.0 23.0 w 
198.0 56.0 w 
1520 650 w 
331.0 530 E 
53.0 58.0 s 
209.0 62.0 w 
255.0 39.0 N 
285.0 25.0 E 1 
350.0 75.0 E 
250.0 15.0 N 
315.0 20.0 N 
220.0 41.0 N 
156.0 32.0 s 
155.0 75.0 w 
180.0 300 w 
200.0 45.0 w 
185.0 55.0 w 
305.0 40.0 N 
1850 32.0 w 
198.0 38.0 w 
250.0 80.0 N 
210.0 63.0 w 
1600 660 w 
165.0 62.0 w 
I 
I 
Fib plunges 
900 360 
3300 .0 
345.0 1.0 
35.0 350 
358.0 2.0 
6.0 34.0 
3.0 3.0 
15.0 .0 
3540 3.0 
15.0 35.0 
345.0 10.0 
50 15.0 
15.0 15.0 I 
4.0 36.0 
326.0 8.0 
330.0 20.0 
355.0 12.0 
.0 7.0 
150 5.0 
345.0 28.0 
350.0 20.0 
22.0 14.0 
250.0 31.0 
340.0 16.0 j 
339 0 5.0 
3450 4.0 
L1a planes L1a lines 
67 0 730 .0 32.0 
65 0 60.0 .0 33.0 
1 e7.o ego, .o 32.o I n.o 850 .o 240 
40 0 53.0 10.0 23.0 
27 0 17.0 18.0 22.0 
23.0 19.01· 4.0 20.0 
28.0 49.0 2.0 16.0 
18.0 320 o. 356.0 17 
16.0 300.0 300.0 16 
. 28 0 321.0 340.0 24 
28.0 313.0346.0 21. 
26.0 350.0 353.0 14. 
15.0 318.0 315.0 10. 
15.0 318.0 2.0 11.0 
15 0 318.0 10.0 10.0 
35 0 320 0 5.0 34.0 
35 0 330.0 353.0 25. 
30.0 40.0. 10.0 22.0 
230 48.0 •350.0 14. 
54.0 56.01 4.0 34 0 
49.0 680 13.0 330 
78.0 15.0 23.0 33.0 
62.0 62.0 5.0 35.0 
l 
t 
I 
t 
I 
Point SomJ>IoJ 
DC , 
Conj. ah. : Sinistral(._ 
Az•muth .. D~p __ ._daxlral_ 
Local So 
Stnke D1p 01p dw 
Ro~ a.ngte ~""-.- !!!!.!! .. s~chon 
lllo!*' -~~pia 
1 2 
2_ :...:...1_2 
3. ____ 2_Q 
__ _t85 _, ., __ : __ • __ 
-+-" 76 I I 
_3o2 43 I ,-t 
__ 4 __ .....,___20 :}57 "' d ____.i. sa se .. _n ___ 2et ss n 
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